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Thank you for your interest in the Z380™ CPU (Central Processing Unit) and its associated 
family of products. This Technical Manual describes programming and operation of the 
Z380™ Superintegration™ Core CPU, which is found in the Z380 MPU (Microprocessor Pro- 
cessing Unit), and future products built around Z380™ CPU core. For the external interface 
and detailed descriptions of the on-chip peripherals for each Superintegration device, 


PREFACE 


please refer to individual product specifications. 


This Technical manual consists of the following Sections: 


1. 


Z380™ Architectural Overview 
Chapter 1 is an introductory section covering the key features and 
giving an overview of the architecture of the device. 


Address Spaces 

Chapter 2 explains the address spaces the Z380 CPU can handle. 
Also, this chapter includes a brief description of the on-chip regis- 
ters. 


Native/Extended Mode, Word/Long Word Mode of Operation, 
and Decoder Directives 

This chapter provides a detailed explanation on the Z380's unique 
features, operation modes, and the Decoder Directives. 


Addressing Modes and Data Types 
Chapter 4 describes the Addressing mode and datatypes which the 
Z380 can handle. 


Instruction Set 
Chapter 5 contains an overview of the instruction set; as well as a 
detailed instruction-by-instruction description in alphabetical order. 


Interrupts and Traps 
Chapter 6 explains the interrupts and traps features of the Z380. 


Reset 
Chapter 7 describes the Reset function. 


8. 2380 Benchmark Appnote 
9. 2Z380 Questions & Answers 


Appendix A 
Appendix A covers the Z380’s instruction format. 


Appendix B 
Appendix B contains all Z380 instructions sorted in Alphabetical 


Order. 


Appendix C 
Appendix C contains all Z380 instructions sorted in Numerical 


Order. 


Appendix D 
The Tables in Appendix D lists all the Z380 instructions in instruction 
affected by Native/Extended mode and Word/Long Word mode. 


Appendix E 
The Tables in Appendix E lists all the 2380 instructions in instruction 
affected by DDIR IM (Immediate Decoder Directives) mode. 


Index 
A to Z listing of Z380™ User's Manual key words and phrases. 


Superintegration™ Products Guide 
Description of product offerings by market niche. 


Literature Guide 
A complete list of Zilog's literature. 


Zilog's Sales Offices Representatives & Distributors 
A complete list of Zilog's Sales Offices, Representatives & 
Distributors. 


This manual assumes the reader has a basic knowledge of CPU 
based system architectures and software development systems, 
such as the use of the text editor, and invoking the assembler/ 
compiler. Also, knowledge of the Z80® CPU architecture is desirable. 
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1.1 INTRODUCTION 


The Z380 CPU incorporates advanced architectural fea- 
tures that allow fast and efficient throughput and increased 
memory addressing capabilities while maintaining Z80® 
CPU and Z180® MPU object-code compatibility. The Z380 
CPU core provides a continuing growth path for present 
Z80- or Z180®-based designs and offers the following key 
features: 


mM Full Static CMOS Design with Low Power Standby 
Mode Support 


DC to 18 MHz Operating Frequency @ 5 Volts V,, 
DC to 10 MHz Operating Frequency @ 33 Volts V,,, 


— §©=©Enhanced Instruction Set that Maintains Object-Code 
Compatibility with Z80 and Z180 Microprocessors 


16-Bit (64K) or 32-Bit (4G) Linear Address Space 


16-Bit Internal Data Bus 


Two Clock Cycle Instruction Execution (Minimum) 


Multiple On-Chip Register Files (Z380 MPU has Four 
Banks) 


BC/DE/HL/IX/IY Registers are Augmented by 16-Bit 
Extended Registers (BCz/DEz/HLz/IXz/lYz), PC/SP/| 
Registers are Augmented by Extended Registers (PCz/ 
SP2z/|z) for 32-Bit Addressing Capability. 


m Newly Added IX’ and IY’ Registers with Extended 
Registers (IXz’/lYz’) 


m Enhanced Interrupt Capabilities, Including 16-Bit 
Vector 


m Undefined Opcode Trap for Full Z380 CPU Instruction 
Set 
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CHAPTER 1 
7380" ARCHITECTURAL OVERVIEW 


The Z380 CPU, an enhanced version of the Z80 CPU, 
retains the Z80 CPU instruction set to maintain complete 
binary-code compatiblity with present Z80 and Z180 codes. 
The basic addressing modes of the Z80 microprocessor 
have been augmented with Stack Pointer Relative loads 
and stores, 16-bit and 24-bit Indexed offsets, and in- 
creased Indirect register addressing flexibility, with all of 
the addressing modes allowing access to the entire 32-bit 
address space. Significant additions have been made to 
the instruction set iincorporating 16-bit arithmetic and logi- 
cal operations, 16-bit I/O operations, multiply and divide, 
acomplete set of register-to-register loads and exchanges, 
plus 32-bit load and exchange, and 32-bit arithmetic 
operation for address calculation. 


The basic register file of the Z80 microprocessor is ex- 
panded to include alternate register versions of the IX and 
lY registers. There are four sets of this basic 280 micropro- 
cessor register file present in the Z380 MPU, along with the 
necessary resources to manage switching between the 
different register sets. All of the register pairs and index 
registers in the basic Z80 microprocessor register file are 
expanded to 32 bits. 


The Z380 CPU expands the basic 64 Kbyte Z80 and Z180 
address space to a full 4 Gbyte (32-bit) address space. 
This address space is linear and completely accessible to 
the user program. The external I/O address space is 
similarly expanded to a full 4 Gbyte (32-bit) range, and 16- 
bit 1/0, both simple and block move are included. A 256 
byte-wide internal I/O space has been added. This space 
will be used to access on-chip |/O resources on future 
Superintegration implementation of this CPU core. 


Figure 1-1 provides a detailed description of the basic 
register architecture of the Z380 CPU with the size of the 
register banks shown at four each, however, the Z380 CPU 
architecture allows future expansion of up to 128 sets of 
each. 
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4 Sets of Registers 


Figure 1-1. Z380™ CPU Register Architecture 
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1.2 CPU ARCHITECTURE 


The Z380 CPU is a binary-compatible extension of the Z80 
CPU and the Z180 CPU architecture. High throughput 
rates are achieved by a high clock rate, high bus band- 
width, and instruction fetch/execute overlap. Communi- 
cating to the external world through an 8-bit or 16-bit data 
bus, the Z380 CPU is a full 32-bit machine internally, with 
a 32-bit ALU and 32-bit registers. 


1.2.1 Modes of Operation 


To maintain compatibility with the Z80/Z180 CPU while 
having the capability to manipulate 4 Gbytes of memory 
address range, the Z380 CPU has two bits in the Select 
Register (SR) to control the modes of operation. One bit 
controls the address manipulation mode: Native mode or 
Extended mode; and the other bit controls the data ma- 
nipulation mode: Word mode or Long Word mode. In 
result, the Z380 CPU has four modes of operation. On 
reset, the Z380 CPU is in Native/Word mode, which is 
compatible to the Z80/Z180’s operation mode. For details 
on this subject, refer to Chapter 3, “Native/Extended Mode, 
Word/Long Word Mode of Operation, and Decoder Direc- 
tive Instructions.” 


1.2.1.1 Native Mode and Extended Mode 

The Z380 CPU can operate in either Native or Extended 
mode, as controlled by a bit in the Select Register (SR). In 
Native mode (the Reset configuration), all address ma- 
nipulations are performed modulo 65536 (2'°). In this 
mode, the Program Counter (PC) only increments across 
16 bits, all address manipulation instructions (increment, 
decrement, add, subtract, indexed, stack relative, and PC 
relative) only operate on 16 bits, and the Stack Pointer (SP) 
only increments and decrements across 16 bits. The PC 
high-order word is left at all zeros, as the high-order words 
of the SP and the | register. Thus, Native mode is fully 
compatible with the Z80 CPU’s 64 Kbyte address mode. It 
is still possible to address memory outside of 64 Kbyte 
address space for data storage and retrieval in Native 
mode, however, since direct addresses, indirectaddresses, 
and the high-order word of the SP, I, and the IX and IY 
registers may be loaded with non-zero values. Executed 
code and interrupt service routines must reside in the 
lowest 64 Kbytes of the address space. 


In Extended mode, however, all address manipulation 
instructions operate on 32 bits, allowing access to the 
entire 4 Gbyte address space of the Z380 CPU. In both 
Native and Extended modes, the Z380 drives all 32 bits of 
the address onto the external address bus; only the width 
of the manipulated addresses distinguishes Native from 
Extended mode. The Z380 CPU implements one instruc- 
tion to allow switching from Native to Extended mode 
(SETC XM); however, once in Extended mode, only Reset 


will return the Z380 CPU to Native mode. This restriction 
applies because of the possibility of “misplacing” interrupt 
service routines or vector tables during the transition from 
Extended mode back to Native mode. 


1.2.1.2 Word or Long Word Mode 
In addition to Native and Extended mode, which are 


specific to memory space addressing, the Z880 CPU can fim 


operate in either Word or Long Word mode specific to data [ig 


load and exchange operations. In Word mode (the Reset fami 


configuration), all word load and exchange operations 
manipulate 16-bit quantities. For example, only the low- 
order words of the source and destination are exchanged 
in an exchange operation, with the high-order words 
unaffected. 


In the Long Word mode, all 32 bits of the source and 
destination are exchanged. The Z380 CPU implements 
two instructions plus decoder directives to allow switching 
between Word and Long Word mode; SETC LW (Set 
Control Long Word) and RESC LW (Reset Control Long 
Word) perform a global switch, while DDIR W, DDIR LW 
and their variants are decoder directives that select a 
particular mode only for the instruction that they precede. 


Note that all word data arithmetic (as opposed to address 
manipulation arithmetic), rotate, shift, and logical opera- 
tions are always in 16-bit quantities. They are not con- 
trolled by either the Native/Extended or Word/Long Word 
selections. The exceptions to the 16-bit quantities are, of 
course, those multiply and divide operations with 32-bit 
products or dividends. 


All word Input/Output operations are performed on 16-bit 
values, regardless of Word/Long Word operation. 


1.2.2 Address Spaces 


Addressing spaces in the Z380 CPU include the CPU 
register, the CPU control register, the memory address, 
on-chip I/O address, and the external I/O address. The 
CPU register space is a superset of the Z80 CPU register 
set, and consists of all of the registers in the CPU register 
file. These CPU registers are used for data and address 
manipulation, and are an extension of the Z80 CPU register 
set, with four sets of this extended Z80 CPU register set 
present in the Z380 CPU. Access to these registers is 
specified in the instruction, with the active register set 
selected by bits in the Select Register (SR) in the CPU 
control register space. 
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1.2.2 Address Spaces (Continued) 


Each register set includes the primary registers A, F, B, C, 
D, E, H, L, IX, and IY, as well as the alternate registers A’, 
F’, B’, C’, D’, E’, H’, L’, IX’, and IY’. Also, IX, IX’, IY, and IY’ 
registers are accessible as two byte registers, each named 
as IXU, IXL, IXU’ IXL’, IYU, IYL, YU’, and IYL’. These byte 
registers can be paired B with C, Dwith E, H withL, B’ with 
C’, D’ with E’, and H’ with L’ to form word registers, and 
these word registers are extended to 32 bits with the “z” 
extension to the register. This register extension is only 
accessible when using the register as a 32-bit register (in 
the Long Word mode) or when swapping between the 
most-significant and least-significant word of a 32-bit 
register using SWAP instructions. Whenever an instruction 
refers to a word register, the implicit size is controlled by 
Word or Long Word mode. Also included are the R, |, and 
SP registers, as well as the PC. 


The Select Register (SR) determines the operation of the 
Z380 CPU. The contents of this register determine the CPU 
operating mode, which register bank will be used, the 
interrupt mode in effect, and so on. 


The Z380 CPU’s memory address space is linear 4 Gbytes. 
To keep compatibility with the Z80 CPU memory address- 
ing model, it has two control bits to change its operation 
modes—Native or Extended, Word or Long Word. 


The 2380 CPU architecture also distinguishes between 
the memory and I/O addressing space and, therefore, 
requires specific I/O instructions. Furthermore, I/O ad- 
dressing space is subdivided into the on-chip I/O address 
space and the external I/O addressing space. External 
|/O addressing space in the Z380 CPU is 32 bits long, and 
internal I/O addressing space is 8-bits long. There are 
separate sets of I/O instructions for each I/O addressing 
space. 


Some of the Internal I/O registers are used to control the 
functionality of the device, such as to program/read status 
of Trap, Assigned Vector Base address, enabling of inter- 
rupts, and to get Chip version ID. 


For details on this topic, refer to Chapter 2, “Address 
Spaces.” 


1.2.3 Data Types 


Many data types are supported by the Z380 CPU architec- 
ture. The basic data type Is the 8-bit byte, which is also the 
basic addressable memory element. The architecture also 
supports operations on bits, BCD (Binary Coded Decimal) 
digits, words (16 bits or 32 bits), byte strings and word 
strings. For details on this topic, refer to Section 4.3, “Data 
Types.” 


1.2.4. Addressing Modes 


Addressing modes are used by the Z380 CPU to calculate 
the effective address of an operand needed for execution 
of an instruction. Seven addressing modes are supported 
by the Z380 CPU. Of these seven, one is an addition to the 
Z80 CPU addressing modes (Stack Pointer Relative) and 
the remaining six modes are either existing or extensions 
to Z80 CPU addressing modes. 


Register 

Immediate 

Indirect Register 

Direct Address 

Indexed 

Program Counter Relative 
Stack Pointer Relative 


All addressing modes are available on the 8-bit load, 
arithmetic, and logical instructions; the 8-bit shift, rotate, 
and bit manipulation instructions are limited to the regis- 
ters and Indirect register addressing modes. The 16-bit 
loads on the addressing registers support all addressing 
modes except Index, while other 16-bit operations are 
limited to the Register, Immediate, Indirect Register, In- 
dex, Direct Address, and PC Relative addressing modes. 


For details on this subject, refer to Chapter 4, “Addressing 
Modes and Data Types.” 


1.2.5. Instruction Set 


The Z380 CPU instruction set is an expansion of the Z80 
instruction set; the enhancements include support for 
additional addressing modes for the Z80 instructions as 
well as the addition of new instructions. The Z380 CPU 
instruction set provides a full complement of 8-bit, 16-bit, 
and 32-bit operation, including multiplication and division. 


For details on this subject, refer to Chapter 5, “Instruction 
Set.” 


1.2.6 Exception Conditions 


The Z380 CPU supports three types of exceptions (condi- 
tions that alter the normal flow of program execution); 
interrupts, traps, and resets. 


Interrupts are asynchronous events typically triggered by 
peripherals requiring attention. The Z380 CPU interrupt 
structure has been significantly enhanced by increasing 
the number of interrupt request lines and by adding an 
efficient means for handling nested interrupts. The Z380 
CPU has five interrupt lines. These are: Nonmaskable 
Interrupt line (/NMI) and Maskable interrupt lines (/INTO, 
/INT1, /INT2, and /INTS). Interrupt requests on /INT3-/INT 1 
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are handled by a newly added interrupt handing mode, 
“Assigned Vectored Mode,” which is a fixed vectored 
interrupt mode similar in interrupt handling to the Z180’s 
interrupts from on-chip peripherals. For handling interrupt 
requests on the /INTO line, there are four modes available: 


m 8080 compatible (Mode 0), in which the interrupting 
device provides the first instruction of the interrupt 
routine. 


m Dedicated interrupts (Mode 1), in which the CPU 
jumps to a dedicated address when an interrupt 
occurs. 


m Vectored interrupt mode (Mode 2), in which the 
interrupting peripheral device provides a vector into a 
table of jump address. 


m Enhanced vectored interrupt mode (Mode 3), wherein 
the CPU expects 16-bit vector, instead of 8-bit interrupt 
vectors in Mode 2. 


1.3 BENEFITS OF THE ARCHITECTURE 


The Z380 CPU architecture provides several significant 
benefits, including increased program throughput achieved 
by higher bus bandwidth (16-bit wide bus), reduction to 
two clocks/basic machine cycle (vs four clocks/cycle on 
the Z80 CPU), prefetch cue, access to the larger linear 
addressing space, enhanced instructions/new address- 
ing mode, data/address manipulation in 16/32 bits, and 
faster context switching by utilizing multiple register banks. 


1.3.1 High Throughput 


Very high throughput rates can be achieved with the Z380 
CPU, due to the basic machine cycle’s reduction to two 
clocks/cycle from four clocks/cycle on the Z80 CPU, fine 
tuned four staged pipeline with prefetch cue. This well 
designed pipeline and prefetch cue are both totally trans- 
parent to the user, thus maximizing the efficiency of the 
pipeline all the time. The Z380 CPU implemented onto the 
Z380 MPU is configured with a 16-bit wide data bus, which 
doubles the bus bandwidth. These architectural features 
result in two clocks/instructions execution minimum, three 
clocks/instruction on average. The high clock rates (up to 
40 MHz) achievable with this processor. Make the overall 
performance of the Z380 CPU more than ten times that of 
the Z80. 


1.3.2 Linear Memory Address Space 


Z380 CPU architecture has 4 Gbytes of linear memory 
address space. The Z80 CPU architecture allows 64 
Kbytes of memory addressing space. This was more than 
sufficient when the Z80 CPU was first developed. But as 


The first three modes are compatible with Z80 interrupt 
modes; the fourth mode provides more flexibility. 


Traps are synchronous events that trigger a special CPU 
response when an undefined instruction is executed. It 
can be used to increase system reliability, or used as a 
“software trap instruction.” 


Hardware resets occur when the /RESET line is activated 
and override all other conditions. A/RESET causes certain 
CPU control registers to be initialized. 


For details on this subject, refer to Chapter 6, “Interrupts 
and Traps.” 


the technology improved over time, applications started to 
demand more complicated processing, multitasking, faster 
processing, etc., with the high level language needed to 
develop software. As a result, 64 Kbytes of memory ad- 
dressing space is not enough for some Z80 CPU based 
applications. In order to handle more than 64 Kbytes of 
memory, the Z80 CPU requires aMemory Banking scheme, 
or MMU (Memory Management Unit), like the Z180 MPU or 
Z280 MPU. These provide the overhead to access more 
than 64 Kbytes of memory. 


The Z380 CPU architecture allows access to a full 4 Gbytes 
(2°2) of memory addressing space as well as 4 Gbytes of 
/O addressing area, without using a Memory Banking 
scheme, or MMU. 


1.3.3. Enhanced Instruction Set with 16-Bit 
and 32-Bit Manipulation Capability 


The Z380 CPU instruction set is 100% upward compatible 
to the Z80 CPU instruction set; that is all the Z80 instruc- 
tions have been preserved at the binary level. New instruc- 
tions added to the Z380 CPU include: 


m Less restricted operand source/destination 
combinations. 


m More flexible register exchange instructions. 


m Stack Pointer Relative addressing mode. 
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1.3.3. Enhanced Instruction Set with 16-Bit 
and 32-Bit Manipulation Capability 
(Continued) 


m DDIR (Decoder Directive Instructions) to enhance 
addressing capability to cover 4 Gbytes of memory 
space, as well as data manipulation capability. 


m Jump relative/Call relative instructions with 8-bit, 
16-bit, or 24-bit displacement. 


m Full complements of 16-bit arithmetic instructions. 
m 32-bitmanipulate instructions for address manipulation. 


These new instructions help to compact the code, as well 
as shorten the program's overall execution speed. 


For details on this subject, refer to Chapter 5, “Instruction 
Set.” 


1.3.4 Faster Context Switching 


The Z380 CPU architecture allows multiple sets of register 
banks for AF/AF’, BC/DE/HL, BC’/DE’/HL’, IX/IX’, IY/IY’ 


1.4 SUMMARY 


The Z380 CPU is a high-performance 16-bit Central Pro- 
cessing Unit Superintegration™ core. Code-compatible 
with the Z80 CPU, the Z380 CPU architecture has been 
expanded to include features such as multiple register 
banks, 4 Gbytes of linear memory addressing space, and 
efficient handling of nested interrupts. The benefits of this 
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register pairs (including each register's Extended portion). 
When doing context switching, by exceptional condition 
(trap or interrupts) or by subroutine/procedure calls, the 
CPU has to save the contents of the registers currently in 
use, along with the current CPU status. 


Traditionally in the Z80 CPU architecture, this is done by 
saving the contents of the register into memory, usually 
using push/pop instructions or the auxiliary register file. 
Register contents are then restored when the process is 
finished. 


With the Z380 CPU’s multiple register banks, saving the 
contents of the working register set currently in use is just 
a matter of an instruction to change the field in the Select 
Register, which allows fast context switching. 


architecture, including high throughput rates, code den- 
sity, and compiler efficiency, greatly enhance the power 
and versatility of the Z380 CPU. Thus, the Z380 CPU 
provides both a growth path for existing Z80-based de- 
signs and a powerful processor for applications and the 
products to be developed around this CPU core. 
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2.1 INTRODUCTION 


The Z380 CPU supports five address spaces correspond- 
ing to the different types of locations that can be ad- 
dressed and the method by which the logical addresses 
are formed. These five address spaces are: 


CPU Register Space. This consists of all the register 
addresses in the CPU register file. 


CPU Control Register Space. This consists of the 
Select Register (SR). 


=@ Memory Address Space. This consists of the 
addresses of all locations in the main memory. 
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m External I/O Address Space. This consists of all 
external I/O ports addresses through which peripheral 
devices are accessed. 


On-Chip I/O Address Space. This consists of all 
internal I/O port addresses through which peripheral 
devices are accessed. Also, this addressing space 
contains registers to control the functionality of the 
device, giving status information. 


2.2 CPU REGISTER SPACE 
The 2380 register file is illustrated in Figure 2-1. Note that 


this figure shows the configuration of the register on the. 


Z380 CPU, and the number of the register files may vary on 
future Superintegration devices. The Z380 CPU contains 
abundant register resources. At any given time, the pro- 
gram has immediate access to both primary and alternate 
registers in the selected register set. Changing register 
sets is a simple matter of an LDCTL instruction to program 
the Select Register (SR). 


The CPU register file is divided into five groups of registers 
(an apostrophe indicates a register in the auxiliary regis- 
ters). 


m Four sets of Flag and Accumulator registers (F, A, F’, 
A’) 


m Four sets of Primary and Working registers (B, C, D, E, 
AL By C.D Eye 


Four sets of Index registers (IX, IY, IX’, IY’) 
Stack Pointer (SP) 


@ Program Counter, Interrupt register, Refresh register 
(PC, |, R) 


Register addresses are either specified explicitly in the 


instruction or are implied by the semantics of the instruc- 
tion. 
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Figure 2-1. Register File Organization (Z380 MPU) 
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2.2.1 Primary and Working Registers 


The working register set is divided into two register files: 
the primary file and the alternate file (designated by prime 
(‘)). Each file contains an 8-bit accumulator (A), a Flag 
register (F), and six 8-bit general-purpose registers (B, C, 
D, E, H, and L) with their Extended registers. Only one file 
can be active at any given time, although data in the 
inactive file can still be accessed by using EX R, R’ 
instructions for the byte-wide registers, EX RR, RR’ instruc- 
tions for register pairs (either in 16-bit or 32-bit wide 
depending on the LW status). Exchange instructions allow 
the programmer to exchange the active file with the inac- 
tive file. The EX AF, AF’, EXX, or EXALL instructions 
changes the register files in use. Upon reset, the primary 
register file in register set O is active. Changing register 
sets is a simple matter of an LDCTL instruction to program 
SR. 


The accumulator is the destination register for 8-bit arith- 
metic and logical operations. The six general-purpose 
registers can be paired (BC, DE, and HL), and are ex- 
tended to 32 bits by the extension to the register (with suffix 
“2”; BCz/DEz/HLz), to form three 32-bit general-purpose 
registers. The HL register serves as the 16-bit or 32-bit 
accumulator for word operations. Access to the Extended 
portion of the registers is possible using the SWAP instruc- 
tion or word Load instructions in Long Word operation 
mode. 


The Flag register contains eight status flags. Four can be 
individually used for control of program branching, two are 
used to support decimal arithmetic, and two are reserved. 
These flags are set or reset by various CPU operations. For 
details on Flag operations, refer to Section 5.2, “Flag 
Register.” 


2.2.2. Index Registers 


The four index registers, IX, IX’, lY, and lY’, are extended 
to 32 bits by the extension to the register (with suffix “z”; 
IXz/IYz), to form 32-bit index registers. To access the 
Extended portion of the registers use the SWAP instruction 
or word Load instructions in Long Word operation mode. 
These Index registers hold a 32-bit base address that is 
used in the Index addressing mode. 


Only one register of each can be active at any given time, 
although data in the inactive file can still be accessed by 
using EX IX, IX’ and EX IY, lY’ (either in 16-bit or 32-bit wide 
depending on the LW bit status). Index registers can also 
function as general-purpose registers with the upper and 
lower bytes of the lower 16 bits being accessed individu- 
ally. These byte registers are called IXU, IXU’, IXL, and IXL’ 


for the IX and |X’ registers, and IYU, IYU’, IYL, and lYL’ for 
the lY and lY’ registers. 


Selection of primary or auxiliary Index registers can be 
made by EXXX, EXXY, or EXALL instructions, or program- 
ming of SR. Upon reset, the primary registers in register set 
Ois active. Changing register sets is a simple matter of an 
LDCTL instruction to program SR. 


2.2.3. Interrupt Register 


The Interrupt register (|) is used in interrupt modes 2 and 
3 for /INTO to generate a 32-bit indirect address to an , 


interrupt service routine. The | register supplies the upper /—\ia— 
24 or 16 bits of the indirect address and the interrupting (yy ae 
peripheral supplies the lower eight or 16 bits. In Assigned (aaa 


Vectors mode for /INT3-/INT1, the upper 16 bits of the 
vector are supplied by the | register; bits 15-9 are supplied 
from the Assigned Vector Base register, and bits 8-0 are 
the assigned vector unique to each of /INT3-/INT1. 


2.2.4. Program Counter 


The Program Counter (PC) is used to sequence through 
instructions in the currently executing program and to 
generate relative addresses. The PC contains the 32-bit 
address of the current instruction being fetched from 
memory. In Native mode, the PC is effectively only 16 bits 
long, since the upper word [PC31-PC16] of the PC is 
forced to zero, and when carried from bit 15 to bit 16 (Lower 
word [PC15-PCO] to Upper word [PC31-PC16]) are inhib- 
ited in this mode. In Extended mode, the PC is allowed to 
increment across all 32 bits. 


2.2.5. R Register 


The R register can be used as a general-purpose 8-bit 
read/write register. The R register is not associated with 
the refresh controller and its contents are changed only by 
the user. 


2.2.6. Stack Pointer 


The Stack Pointer (SP) is used for saving information when 
an interrupt or trap occurs and for supporting subroutine 
calls and returns. Stack Pointer relative addressing allows 
parameter passing using the SP. The SP is 16 bits wide, but 
is extended by the SPz register to 32 bits wide. 
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2.2.6 Stack Pointer (Continued) 


Increment/decrement of the Stack Pointer is affected by 
modes of operation (Native or Extended). In Native mode, 
the stack operates in modulo 2", and in Extended mode, 
itoperates in modulo 2°. For example, SP holds 0001FFFEH, 
and does the Word size Pop operation. After the operation, 


2.3. CPU CONTROL REGISTER SPACE 


The CPU control register space consists of the 32-bit 
Select Register (SR). The SR may be accessed as a whole 
or the upper three bytes of the SR may be accessed 
individually as YSR, XSR, and DSR. In addition, these 


2.4 MEMORY ADDRESS SPACE 


The memory address space can be viewed as a string of 
4 Gbytes numbered consecutively in ascending order. 
The 8-bit byte is the basic addressable element in the Z380 
MPU memory address space. However, there are other 
addressable data elements: bits, 2-byte words, byte strings, 
and 4-byte words. 


The size of the data element being addressed depends on 
the instruction being executed as well as the Word/Long 
Word mode. A bit can be addressed by specifying a byte 
and a bit within that byte. Bits are numbered from right to 
left, with the least significant bit being O, as illustrated in 
Figure 2-2. 


The address of a multiple-byte entity is the same as the 


address of the byte with the lowest memory address in the 
entity. Multiple-byte entities can be stored beginning with 


2-4 


SP holds 00010000H in Native mode, and 00020000H in 
Extended mode. In either case, SPz can be programmed 
to set Stack frame. This is done by the Load- to-Stack 
pointer instructions in Long Word mode. 


upper three bytes can be loaded with the same byte value. 
The SR may also be PUSHed and POPed and is cleared to 
zeros on Reset. For details on this register, refer to Chapter 
5.3, “Select Register.” 


either even or odd memory addresses. A word (either 2- 
byte or 4-byte entity) is aligned if its address is even; 
otherwise it is unaligned. Multiple bus transactions, which 
may be required to access multiple-byte entities, can be 
minimized if alignment is maintained. 


The format of multiple-byte data types is also shown in 
Figure 2-2. Note that when a word is stored in memory, the 
least significant byte precedes the more significant byte of 
the word, as in the Z80 CPU architecture. Also, the lower- 
addressed byte is presenton the upper byte of the external 
data bus. 
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Bits within a byte: 


16-bit word at address n: 


Least Significant Byte | 
Most Significant Byte 


32-bit word at address n: 


D7-0 (Least Significant Byte) Address n 


Address n 


Address n+1 


D15-8 Address n+1 


D23-16 Address n+2 


Pe a0 


D31-24 (Most Significant Byte) Address n+3 


Memory addresses: 
Even address (A0=0) Odd address (A0=1) 


Least Significant Byte Most Significant Byte 


15 14 13 12 11 109 8 FT 6 5 4 3 2 1 = 0 


Figure 2-2. Bit/Byte Ordering Conventions 
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2.5. EXTERNAL I/O ADDRESS SPACE 
External |/O address space is 4 GbytesinsizeandExternal can take a variety of forms, as shown in Table 2.1. An 


I/O addresses are generated by |/O instructions except  external|l/Oread or write is always one transaction, regard- 
those reserved for on-chip I/O address space accesses. It —_less of the bus size and the type of !/O instruction. 


Table 2-1. I/O Addressing Options 


Address Bus 

/O Instruction A31-A24 A23-A16 A15-A8 A7-A0 
IN A, (n) 00000000 OOCOO00000 A7-AO n 

IN dst,(C) BC31-B24 BC23-B16 BC15-B8 BC7-BO 
INA(W) dst,(mn) OO000000 OOO0O0000 m n 

DDIR IB INA(W) dst,(Imn) OOO00000 | m n 

DDIR IW INA(W) dst,(klmn) k | m n 

Block Input BC31-B24 BC23-B16 BC15-B8 BC7-BO 
OUT (n),A OO000000 OOO00000 A7-AO n 

OUT (C),dst BC31-B24 BC23-B16 BC15-B8 BC7-BO 
OUTA(W) (mn),dst OOO000000 OOO00000 m n 

DDIR IB OUTA(W) (Imn),dst OOO00000 | m n 

DDIR IW OUTA(W) (kimn),dst k | m n 

Block Output BC31-B24 BC23-B16 BC15-B8 BC7-BO 


2.6. ON-CHIP I/O ADDRESS SPACE 


The Z380 CPU has the on-chip I/O address space to 
control on-chip peripheral functions of the Superintegra- 
tion™ version of the devices. A portion of its interrupt 
functions are also controlled by several on-chip registers, 
which occupy an on-chip I/O address space. This on-chip 
I/O address space can be accessed only with the following 
reserved on-chip I/O instructions which are identical to the 
Z180 original 1/O instructions to access Page O |/O ad- 
dressing area. 


INO. Rn) OTIM 
INO. (n) ~~ ‘OTIMR 
OUTO (n),R OTDM 
TSTIO n OTDMR 


When one of these I/O instructions is executed, the Z380 
MPU outputs the register address being accessed in a 
pseudo-transaction of two BUSCLK cycles duration, with 
the address signals A31-A8 at zero. In the pseudo-trans- 
actions, all bus control signals are at their inactive state. 


The following four registers are assigned to this address- 
ing space as a part of the Z380 CPU core: 


Register Name Internal I/O Address 


Interrupt Enable Register 17H 
Assigned Vector Base Register 18H 
Trap and Break Register 19H 
Chip Version ID Register OFFH 


The Chip Version ID register returns one byte data, which 
indicates the version of the CPU, or the specific implemen- 
tation of the Z380 CPU based Superintegration device. 
Currently, the value OOH is assigned to the Z380 MPU, and 
other values are reserved. 


For the other three registers, refer to Chapter 6, “Interrupts 
and Traps.” 


Also, the Z380 MPU has registers to control chip selects, 
refresh, waits, and I/O clock divide to Internal I/O address 
OOH to 10H. For these registers, refer to the Z380 MPU 
Product specification (DC-3003-01). 
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3.1 INTRODUCTION 


The Z380™ CPU architecture allows access to 4 Gbytes 
(237) of memory addressing space, and 4G locations of 
I/O. It offers 16/32-bit manipulation capability while main- 
taining object-code compatibility with the Z80 CPU. In 
order to implement these capabilities and new instruction 
sets, it has two modes of operation for address manipula- 
tion (Native or Extended mode), two modes of operation for 
data manipulation (Word or Long Word mode), and a 
special set of new Decoder Directives. 


On Reset, the Z380 CPU defaults in Native mode and Word 
mode. In this condition, it behaves exactly the same as the 
Z80 CPU, even though it has access to the entire 4 Gbytes 
of memory for data access and 4G locations of I/O space, 


Word 


Z80 Native Mode 
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CHAPTER 3 


NATIVE EXTENDED MODE, WORD/LONG 
WORD MODE OF OPERATIONS 
AND DECODER DIRECTIONS 


access to the newly added registers which includes Ex- 
tended registers and register banks, and the capability of 
executing all the Z380 instructions. 


As described below, the Z380 CPU can be switched 
between Word mode and Long Word mode during opera- 
tion through the SETC LW and RESC LW instructions, or 
Decoder Directives. The Native and Extended modes are 
a key exception— it defaults up in Native mode, and can 
be set to Extended mode by the instruction. Only Reset can 
return it to Native mode. Figure 3-1 illustrates the relation- 
ship between these modes of operation. 


Figure 3-1. Z380™ CPU Operation Modes 


For the instructions which work with the DDIR instructions, refer to Appendix D and E. 
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3.2 DECODER DIRECTIVES 


The Decoder Directive is not an instruction, but rather a 
directive to the instruction decoder. The instruction de- 
coder may be directed to fetch an additional byte or word 
of immediate data or address with the instruction, as well 
as tagging the instruction for execution in either Word or 
Long Word mode. Since the Z80 CPU architecture's ad- 
dressing convention in the memory is “least significant 
byte first, followed by more significant bytes,” itis possible 
to have such instructions to direct the instruction decoder 
to fetch additional byte(s) of address information or imme- 
diate data to extend the instruction. 


All eight combinations of the two options are supported, as 
shown below. Instructions which do not support decoder 
directives are assembled by the instruction decoder as if 
the decoder directive were not present. 


| DDIR W Word mode 

i DDIR IB,W Immediate byte, Word mode 

| DDIR IW,W Immediate Word, Word mode 

| DDIR IB Immediate byte 

a DDIR LW Long Word mode 

a DDIR IB,LW Immediate byte, Long Word mode 

| | DDIR IW,LW Immediate Word, Long Word 
mode 

| DDIR IW Immediate Word 


3.3 NATIVE MODE AND EXTENDED MODE 


The Z380 CPU can operate in either Native or Extended 
mode, as a way to manipulate addresses. 


In Native mode (the Reset configuration), the Program 
Counter only increments across 16 bits, and all stack Push 
and Pop operations manipulate 16-bit quantities (two 
bytes). Thus, Native mode is fully compatible with the Z80 
CPU's 64 Kbyte address space and programming model. 
The extended portion of the Program Counter (PC31- 
PC15) is forced to O and program address location next to 
QOOOFFFFH is OOOOO000H in this mode. This means in 
Native mode, program have to reside within the first 64 
Kbytes of the memory addressing space. 


In Extended mode, however, the PC increments across all 
32 bits and all stack Push and Pop operations manipulate 
32-bit quantities. Thus, Extended mode allows access to 
the entire 4 Gbyte address space. In both Native and 
Extended modes, the Z380 CPU drives all 32 bits of the 
address onto the external address bus; only the PC incre- 
ments and stack operations distinguish Native from Ex- 
tended mode. 


The IB decoder directive causes the decoder to fetch an 
additional byte immediately after the existing immediate 
data or direct address, and in front of any trailing opcode 
bytes (with instructions starting with DD-CB or FD-CB, for 
example). 


Likewise, the |W decoder directive causes the decoder to 
fetch an additional word immediately after the existing 
immediate data or direct address, and in front of any 
trailing opcode bytes. 


Byte ordering within the instruction follows the usual con- 
vention; least significant byte first, followed by more signifi- 
cant bytes. More-significant immediate data or direct 
address bytes not specified in the instruction are read as 
all zeros by the processor. 


The W decoder directive causes the instruction decoder to 
tag the instruction for execution in Word mode. This is 
useful while the Long Word (LW) bit in the Select Register 
(SR) is set, but 16-bit data manipulation is required for this 
instruction. 


The LW decoder directive causes the instruction decoder 
to tag the instruction for execution in Long Word mode. 
This is useful while the LW bit in the SR is cleared, but 32- 
bit data manipulation is required for this instruction. 


Note that regardless of Native or Extended mode, a 32-bit 
address is always used for the data access. Thus, for data 
reference, the complete 4 Gbytes of memory area may be 
accessed. For example: 


LD —BC, (HL) 


uses the 32-bit address value stored in HL31-HLO (HLz 
and HL) as a source location address. However, on Reset, 
the HL31-HL16 portion (HL2z) initializes to OOH. Unless HLz 
is modified to other than OOH, operation of this instruction 
is identical to the one with the Z80 CPU. Modifying the 
extended portion of the register is done either by using a 
32-bit load instruction (in Long Word mode, or with DDIR 
LW instructions), or using a 16-bit load instruction with 
SWAP instructions. 
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The Z380 CPU implements one instruction to switch to Once in Extended mode, only Reset can return it to Native 
Extended mode from Native mode; SETC XM (set Ex- mode. On Reset, the Z380 is in Native mode. Refer to 
tended mode) places the Z380 CPU in Extended mode. _— Sections 4 and 5 for more examples. 


3.4 WORD AND LONG WORD MODE OF OPERATION 


The Z380 CPU can operate in either Word or Long Word ~ 2. Immediate data load with DDIR instructions 
mode. In Word mode (the Reset configuration), all word 
operations manipulate 16-bit quantities, and are compat- DDIR IW,LW 
ible with the Z80 CPU 16-bit operations. In the Long Word LD HL, 12345678H 
mode, all word operations can manipulate 32-bit quanti- Loads 12345678H into HL31-HLO. 
ties. Note that the Native/Extended and Word/Long Word 
selections are independent of one another, as Word/Long DDIR IB,LW 
Word pertains to data and operand address manipulation LD HL, 123456H 
only. The Z380 CPU implements two instructions and two 
decoder directives to allow switching between these two Loads 00123456H into HL31-HLO. 
modes; SETC LW (Set Long Word) and RESC LW (Reset OOH is appended as the Most significant byte as 
Long Word) perform a global switch, while DDIR LW and HL31-HL24. 
DDIR W are decoder directives that select a particular 
mode only for the instruction that they precede. DDIR LW 

LD HL,1234H 
Examples: 

Loads 00001234H into HL31-HLO. 
1. Effect of Word mode and Long Word mode OOOOH is appended as the HL31-HL16 portion. 

DDIR W 
LD BC, (HL) 


Loads BC15-BCO from the location (HL) and 
(HL+1), and BCz (BC31-BC16) remains un- 
changed. 


DDIR LW 
LD —BC, (HL) 


Loads BC31-BCO from the locations (HL) to (HL+3). 
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4.1 INSTRUCTION 


An instruction is a consecutive list of one or more bytes in 
memory. Most instructions act upon some data; the term 
operand refers to the data to be operated upon. For Z380™ 
CPU instructions, operands can reside in CPU registers, 
memory locations, or I/O ports (internal or external). The 
method used to designate the location of the operands for 


4.2 ADDRESSING MODE DESCRIPTIONS 


The following pages contain descriptions of the address- 
ing modes for the Z380 CPU. Each description explains 
how the operand’s location is calculated, indicates which 
address spaces can be accessed with that particular 
addressing mode, and gives an example of an instruction 
using that mode, illustrating the assembly language format 
for the addressing modes. 


4.2.1 Register (R, RX) 


When this addressing mode is used, the instruction pro- 
cesses data taken from one of the 8-bit registers A, B, C, 
D,E,H, L, XU, IXL, YU, IYL, one of the 16-bit registers BC, 
DE, HL, IX, lY, SP, or one of the special byte registers | or 
R. 


Storing data in a register allows shorter instructions and 
faster execution that occur with instructions that access 
memory. 


Instruction 


OPERATION REGISTER a OPERAND 


The operand value is the contents of the register. 


The operand is always in the register address space. The 
register length (byte or word) is specified by the instruction 
opcode. In the case of Long Word register operation, it is 
specified either through the SETC LW instruction or the 
DDIR LW decoder directive. 
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ADDRESSING MODES AND DATA TYPES 


an instruction are called addressing modes. The Z380 
CPU supports seven addressing modes; Register, Imme- 
diate, Indirect Register, Direct Address, Indexed, Program 
Counter Relative Address, and Stack Pointer Relative. A 
wide variety of data types can be accessed using these 
addressing modes. 


Example of R mode: 

1. Load register in Word mode. 
DDIR W ‘Next instruction in Word mode 
LD BC,HL ;Load the contents of HL into BC 


BCz BC 
Before instruction 
execution 1234 5678 9ABC DEFO 
After instruction 
execution 1234 DEFO 9ABC DEFO 


2. Load register in Long Word mode. 
DDIR LW __ ;Next instruction in Long Word mode 
LD BC,HL ;Load the contents of HL into BC 


BCz BC HLZ2 HL 
Before instruction 


execution 1234 5678 9ABC DEFO 
After instruction 

execution SABC DEFO SABC DEFO 
4,2.2 Immediate (IM) 


When the Immediate addressing mode is used, the data 
processed is in the instruction. 


The Immediate addressing mode is the only mode that 
does not indicate a register or memory address as the 
source operand. 
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4.2.2 Immediate (IM) (Continued) 


Instruction 
OPERATION 
OPERAND 


The operand value is in the instruction 

Immediate mode is often used to initialize registers. Also, 
this addressing mode is affected by the DDIR Immediate 
Data Directives to expand the immediate value to 24 bits 
or 32 bits. 

Example of IM mode: 


1. Load immediate value into accumulator 
LD A,55H ;Load hex 55 into the accumulator. 


A 
Before instruction execution 12 
After instruction execution 55 


4.2.3 Indirect Register (IR) 


In Indirect Register addressing mode, the register speci- 
fied in the instruction holds the address of the operand. 


Memory or 
Instruction 


OPERATION REGISTER > 


2. Load 24-bit immediate value into HL 
register 
DDIR IB, LW ‘next instruction is in Long Word 


mode, with ;an additional 
immediate data 

‘load HLz, and HL with constant 
123456H 


LD HL, 123456H 


This case, the Z380 CPU appends OOH as a MSB byte. 


HLZ HL 
Before instruction execution 0987 6543 
After instruction execution Q012 3456 


The data to be processed is in the location specified by the 
BC, DE, or HL register (depending on the instruction) for 
memory accesses, or C register for I/O. 


I/O Port 
~ OPERAND 


Register 
Address 


The operand value is the contents of the location whose address is in the register. 


Depending on the instruction, the operand specified by IR 
mode is located in either the I/O address space (I/O 
instruction) or memory address space (all other instruc- 
tions). 


Indirect Register mode can save space and reduce ex- 
ecution time when consecutive locations are referenced or 
one location is repeatedly accessed. This mode can also 
be used to simulate more complex addressing modes, 
since addresses can be computed before data is ac- 
cessed. 


The address in this mode is always treated as a 32-bit 
mode. After reset, the contents of the extend registers 
(registers with “z” suffix) are initialized as O's; hence, these 
instructions will be executed just as for the Z80/Z180. 


Example of IR mode: 
1. Load accumulator from the contents of memory 
pointed by (HL) 
LD A, (HL) ;Load the accumulator with the data 
‘addressed by the contents of HL 


A HLz,.HL 
Before instruction 
execution OF 12345678 
After instruction 
execution OB 12345678 


Memory location 12345678 OB 
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4.2.4 Direct Address (DA) 


When Direct Address mode is used, the data processed is 
at the location whose memory or I/O port address is in the 
instruction. 


Instruction Memory or 
OPERATION [/O Port 
ADDRESS > OPERAND 


The operand value is the contents of the location whose 
address is in the instruction. 


Example of DA mode: 


Depending on the instruction, the operand specified by 
DA mode is either in the I/O address space (I/O instruction) 
or memory address space (all other instructions). 


This mode is also used by Jump and Call instructions to 
specify the address of the next instruction to be executed. 
(The address serves as an immediate value that is loaded 
into the program counter.) 


Also, DDIR Immediate Data Directives are used to expand 
the direct address to 24 or 32 bits. Operand width is 
affected by LW bit status for the load and exchange 
instructions. 


1. Load BC register from memory location 00005E22H in Word mode 


LD BC, (5E22H) 


‘Load BC with the data in address 


;00005E22H 
BC 
Before instruction execution 1234 
After instruction execution 0301 
Memory location OOO05E22 O1 
OO005E23 03 
2. Load BC register from memory location 12345E22H in Word mode 
DDIR IW ‘extend direct address by one word 
LD BC, (12345E22H) ‘Load BC with the data in address 
'12345E22H 
BC 
Before instruction execution 1234 
After instruction execution 0301 
Memory location 12345E22 01 
12345E23 03 
3. Load BC register from memory location 12345E22H in Long Word mode 


DDIR IW,LW 


‘extend direct address by one word, 


‘and operation in Long Word 


LD BC, (12345E22H) 
-12345E22H 


BCz 
1234 
0705 


BC 
5678 
0301 


Before instruction execution 
After instruction execution 


12345E22 
12345E23 
12345E24 
12345E25 


Memory location 


‘Load BC with the data in address 


A SILAS 
4.2.5 Indexed (X) 


When the Indexed addressing mode is used, the data 
processed is at the location whose address is the contents 
of IX or lY in use, offset by an 8-bit signed displacement in 
the instruction. 


The Indexed address is computed by adding the 8-bit 
two's complement signed displacement specified in the 
instruction to the contents of the IX or lY register in use, also 
specified by the instruction. Indexed addressing allows 
random access to tables or other complex data structures 
where the address of the base of the table is known, but the 
particular element index must be computed by the pro- 
gram. 


i 


Z380™ 
User's MANUAL 


The offset portion can be expanded to 16 or 24 bits, 
instead of eight bits by using DDIR Immediate Data Direc- 
tives (DDIR IB for 16-bit offset, DDIR IW for 24-bit offset). 


Note that computation of the effective address is affected 
by the operation mode (Native or Extended). In Native 
mode, address computation is done in modulo 2", and in 
Extended mode, address computation is done in modulo 
a 


Instruction REGISTER MEMORY 
OPERATION REGISTER > ADDRESS + OPERAND 
DISPLACEMENT 
Example of X mode: 
1. Load accumulator from location (IX-1) in Native mode 
LD A, (IX-1) ;Load into the accumulator the 
;contents of the memory location 
‘whose address is one less than 
‘the contents of IX 
‘Assume it is in Native mode 
A IXz IX 
Before instruction execution 01 0001 0000 
After instruction execution 23 0001 0000 
Memory location 0001FFFF 23 
Address calculation: In Native mode, OFFH encoding in 0000 
the instruction is sign extended to a 16-bit value before the + EEEE 
address calculation, but calculation is done in modulo 2"° FEEP 


and does not take into account the index register’s 
extended portion. 
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2. Load accumulator from location (IX-1) in Extended mode 


SETC XM 
LD A, (IX-1) 


‘Set Extended mode 


‘Load into the accumulator the 


;contents of the memory location 
;whose address is one less than 


‘the contents of IX 


A IXz IX 
Before instruction execution 01 0001 0000 
After instruction execution 23 0001 0000 
Memory location OQOOOFFFF 23 


Address calculation: In Extended mode, OFFH encoding in 
the instruction is sign extended to a 32-bit value before the 
address calculation, but calculation is done in modulo 2° 
and takes into account the index register’s extended 
portion. 


4.2.6 Program Counter Relative Mode (RA) 


The Program Counter Relative Addressing mode is used 
by certain program control instructions to specify the 
address of the next instruction to be executed (specifically, 
the sum of the Program Counter value and the displace- 
ment value is loaded into the Program Counter). Relative 
addressing allows reference forward or backward fromthe 
current Program Counter value; it is used for program 
control instructions such as Jumps and Calls that access 
constants in the memory. 


As a displacement, an 8-bit, 16-bit, or 24-bit value can be 
used. The address to be loaded into the Program Counter 
is Computed by adding the two’s complement signed 
displacement specified in the instruction to the current 
Program Counter. 


Also, in Native mode, 


Instruction PC MEMORY 
OPERATION ADDRESS + OPERAND 
DISPLACEMENT — 

Example of RA mode: 

1. Jump relative in Native mode, 8-bit displacement 


JR $-2 ‘Jumps to the location 


‘(Current PC value) — 2 


'$' represents for current PC value 


‘This instruction jumps to itself. 


00010000 
+ FFFFFFFE 
OOOOFFFF 


Note that computation of the effective address is affected 
by the mode of operation (Native or Extended). In Native 
mode, address computation is done in modulo 2", and the 
PC Extend (PC31-PC16) is forced to 0 and will not affect 
this portion. In Extended mode, address computation is 


. done is modulo 2%, and will affect the contents of PC 


extend if there is a carry or borrow operation. 


‘since after the execution of this instruction, 


‘PC points to the next instruction. 


™ 
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4.2.6 Program Counter Relative Mode (RA) (Continued) 


PCz PC 
Before instruction execution 0000 1000 
After instruction execution 0000 OFFE 
Address calculation: In Native mode, —2 is encoded as 1000 
OFEH in the instruction, and it is sign extended to a 16-bit + EFFE 
value before added to the Program Counter. Calculation is FFFE 


done in modulo 2'* and does not affect the Extended 
portion of the Program Counter. 


2. Jump relative in Extended mode, 16-bit displacement 


SETC XM ;Put it in Extended mode of operation 
JR $-5000H ;>Jumps to the location 

(Current PC value) — 5000H 

‘-$ stands for current PC value 

This instruction jumps to itself. 


PCz PC 
Before instruction execution 1959 0807 
After instruction execution 1958 B80B 


Address calculation: Since this is a 4-byte instruction, the 
PC value after fetch but before jump taking place is: 


19590807 
Q0000004 
1959080B 
The displacement portion, -S000H, is sign extended to a 
32-bit value before being added to the Program Counter. 
Calculation is done in modulo 2° and affects the Extended 
portion of the Program Counter. 

1959080B 


+ FFFFBOOO 
1958B80B 
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4.2.7 Stack Pointer Relative Mode (SR) 


For Stack Pointer Relative addressing mode, the data 
processed is at the location whose address is the contents 
of the Stack Pointer, offset by an 8-bit displacement in the 
instruction. 


The Stack Pointer Relative address is computed by adding 
the 8-bit two’s complement signed displacement speci- 
fied in the instruction to the contents of the SP, also 
specified by the instruction. Stack Pointer Relative ad- 
dressing mode is used to specify data items to be found in 
the stack, such as parameters passed to procedures. 


Offset portion can be expanded to 16 or 24 bits by using 
DDIR immediate instructions (DDIR IB for a 16-bit offset, 
DDIR IW for a 24-bit offset). 


Instruction SP 
OPERATION ADDRESS ——| 
DISPLACEMENT ——+ 


Example of SR mode: 


Note that computation of the effective address is affected 
by the operation mode (Native or Extended). In Native 
mode, address computation is done in modulo 2'*, mean- 
ing computation is done in 16-bit and does not affect upper 
half of the SP portion for calculation (wrap around within the 
16-bit). In Extended mode, address computation is done 
in modulo 2°, 


Also, the size of the data transfer is affected by the LW 
mode bit. ln Word mode, transfer is done in 16 bits, and in 
Long Word mode, transfer is done in 32 bits. 


MEMORY 
OPERAND 


1. Load HL from location (SP — 4) in Native mode, Word mode 


LD HL, (SP-4) ;Load into the HL from the 
;contents of the memory location 
;whose address is four less than 


‘the contents of SP. 


‘Assume it is in Native/Word mode. 


HLz HE SPz SP 
Before instruction execution 1234 5678 O7FF  7FOO 
After instruction execution EFCD AB89 O/7FF_ 7FOO 


Memory location 


Address calculation: In Native mode, FCH (—4 in Decimal) 
encoding in the instruction is sign extended to a 16-bit 
value before the address calculation. Calculation is done 
in modulo 2'° and does not take into account the Stack 
Pointer’s extended portion. 


O7FF7EFC 89 
O7FF7EFD AB 


7FOO 
+ FFFC 
7EFC 
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2. Load HL from location (SP — 4) in Extended mode, Long Word mode 


SETC XM ;In Extended mode 
DDIR LW ‘operate next instruction in Long Word mode 
LD HL, (SP-4) ‘Load into the HL from the 


;contents of the memory location 


‘whose address is four less than 


‘the contents of SP. 


HLz2 HL  SPz 
Before instruction execution 1234 5678 O7FF 
After instruction execution EFCD AB89 0O7FF 


Memory location O7FF7EFC 89 
O7FF7EFD AB 
O7FF7EFE CD 
O7FF7EFF EF 


Address calculation: In Extended mode, FCH (—4 in Deci- 
mal) encoding in the instruction is sign extended to a 32- 
bit value before the address calculation, and calculation is 
done in modulo 2°, 


SP 
7FOO 
7FOO 
O7FF7FOO 
+ FFEFFFEC 
O7FF7EFC 


3. Load HL from location (SP + 10000H) in Extended mode, Long Word mode 


SETC XM ‘In Extended mode, 


DDIR IW,_LW operate next instruction in Long Word mode 


;with a word immediate data. 
LD HL, (SP+10000) ‘Load into the HL from the 


;contents of the memory location 
;whose address is 10000H more than 


‘the contents of SP. 


HLz2 HL SPz 


-SP 


Before instruction execution 1234 5678 O7FF 7FOO 
After instruction execution EFCD AB89 O7FF  /7FOO 


Memory location 08007F00 89 
08007F01 AB 
08007F02 CD 
08007F03 EF 


Address calculation: In Extended mode, 010000H encod- 
ing in the instruction is sign extended to a 32-bit value 
before the address calculation, and calculation is done in 
modulo 2°. 
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4.3 DATA TYPES 


The Z380 CPU can operate on bits, binary-coded decimal 
(BCD) digits (four bits), bytes (eight bits), words (16 bits or 
32 bits), byte strings, and word strings. Bits inregisters can 
be set, cleared, and tested. 


The basic data type is a byte, which is also the basic 
accessible elementin the register, memory, and I/O address 
space. The 8-bit load, arithmetic, logical, shift, and rotate 
instructions operate on bytes in registers or memory. Bytes 
can be treated as logical, signed numeric, or unsigned 
numeric value. 


Words are operated on in a similar manner by the word 
load, arithmetic, logical, and shift and rotate instructions. 


Operation on 2-byte words is also supported. Sixteen-bit 
load and arithmetic instructions operate on words in 
registers or memory; words can be treated as signed or 
unsigned numeric values. I/O reads and writes can be 
8-bit or 16-bit operations. Also, the Z380 CPU architecture 
supports operation in Long Word mode to handle a 32-bit 
address manipulation. For that purpose, 16-bit wide 
registers originally on the Z80 have been expanded to 32 
bits wide, along with the supportof the arithmetic instruction 
needed for a 32-bit address manipulation. 


Bits are fully supported and addressed by number within 
a byte (see Figure 2-2). Bits within byte registers or 
memory locations can be tested, set, or cleared. 


Operation on binary-coded decimal (BCD) digits are sup- 
ported by Decimal Adjust Accumulator (DAA) and Rotate 
Digit (RLD and RRD) instructions. BCD digits are stored in 
byte registers or memory locations, two per byte. The DAA 
instruction is used after a binary addition or subtraction of 
BCD numbers. Rotate Digit instructions are used to shift 
BCD digit strings in memory. 


Strings of up to 65536 (64K) bytes of Byte data or Word 
data can be manipulated by the Z380 CPU's block move, 
block search, and block I/O instructions. The block move 
instructions allow strings of bytes/words in memory to be 
moved from one location to another. Block search instruc- 
tions provide for scanning strings of bytes/words inmemory 
to locate a particular value. Block I/O instructions allow 
strings of bytes or words to be transferred between memory 
and a peripheral device. 


Arrays are supported by Indexed mode (with 8-bit, 16-bit, 
or 24-bit displacement). Stack is supported by the Indexed 
and the Stack Pointer Relative addressing modes, and by 
special instructions such as Call, Return, Push, and Pop. 
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5.1 INTRODUCTION 

The Z380™ CPU instruction set is a superset of the Z80 CPU 
and the Z180 MPU; the Z380 CPU is opcode compatible 
with the Z80 CPU/Z180 MPU. Thus, a Z80/Z180 program 
can be executed on a Z380 CPU without modification. The 
instruction set is divided into 12 groups by function: 

m 8-Bit Load/Exchange Group 

mH 16/32-BitLoad, Exchange, SWAP and Push/Pop Group 
@ Block Transfers, and Search Group 

@ 8-Bit Arithmetic and Logic Operations 

@ 16/32-Bit Arithmetic Operations 

H 8-Bit Bit Manipulation, Rotate and Shift Group 


m@ 16-Bit Rotates and Shifts 


5.2 PROCESSOR FLAGS 


The Flag register contains six bits of status information that 
are set or cleared by CPU operations (Figure 5-1). Four of 
these bits are testable (C, P/V, Z, and S) for use with 
conditional jump, call, or return instructions. Two flags are 
not testable (H and N) and are used for binary-coded 
decimal (BCD) arithmetic. 


Figure 5-1. Flag Register 
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CHAPTER 5 
INSTRUCTION SET 


m = =Program Control Group 

m Input and Output Operations for External 1/O Space 
m@ Input and Output Operations for Internal |/O Space 
m CPU Control Group 

m Decoder Directives 


This chapter describes the instruction set of the Z380 CPU. 
Flags and condition codes are discussed in relation to the 
instruction set. Then, the interpretability of instructions and 
trap are discussed. The last part of this chapter is a 
detailed description of each instruction, listed in alphabeti- 
cal order by mnemonic. This section is intended as a 
reference for Z380 CPU programmers. The entry for each 
instruction contains a complete description of the instruc- 
tion, including addressing modes, assembly language 
mnemonics, and instruction opcode formats. 


The Flag register provides a link between sequentially 
executed instructions, in that the result of executing one 
instruction may alter the flags, and the resulting value of the 
flags can be used to determine the operation of a subse- 
quent instruction. The program control instructions, whose 
operation depends on the state of the flags, are the Jump, 
Jump Relative, subroutine Call, Call Relative, and subrou- 
tine Return instructions; these instructions are referred to 
as conditional instructions. 
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5.2.1 Carry Flag (C) 


The Carry flag is set or cleared depending on the operation 
being performed. For add instructions that generate a 
carry and subtract instruction generating a borrow, the 
Carry flag is setto 1. The Carry flag is cleared toO by anadd 
that does not generate a carry or a subtract that generates 
no borrow. This saved carry facilitates software routines for 
extended precision arithmetic. The multiply instructions 
use the Carry flag to signal information about the precision 
of the result. Also, the Decimal Adjust Accumulator (DAA) 
instruction leaves the Carry flag set to 1 if a carry occurs 
when adding BCD quantities. 


For rotate instructions, the Carry flag is used as a link 
between the least significant and most significant bits for 
any register or memory location. During shift instructions, 
the Carry flag contains the last value shifted out of any 
register or memory location. For logical instructions the 
Carry flag is cleared. The Carry flag can also be set and 
complemented with explicit instructions. 


5.2.2 Add/Subtract Flag (N) 


The Add/Subtract flag is used for BCD arithmetic. Since 
the algorithm for correcting BCD operations is different for 
addition and subtraction, this flag is used to record when 
an add or subtract was last executed, allowing a subse- 
quent Decimal Adjust Accumulator instruction to perform 
correctly. See the discussion of the DAA instruction for 
further information. 


5.2.3 Parity/Overflow Flag (P/V) 


This flag is set to a particular state depending on the 
operation being performed. 


For signed arithmetic, this flag, when set to 1, indicates that 
the result of an operation on two's complement numbers 
has exceeded the largest number, or less than the smallest 
number, that can be represented using two’s complement 
notation. This overflow condition can be determined by 
examining the sign bits of the operands and the result. 


The P/V flag is also used with logical operations and rotate 
instructions to indicate the parity of the result. The of bits 
set to 1 ina byte are counted. If the total is odd, this flag is 
reset indicates odd parity (P = 0). If the total is even, this 
flag is set indicates even parity (P = 1). 


During block search and block transfer instructions, the P/ 
V flag monitors the state of the Byte Count register (BC). 
When decrementing the byte counter results in a zero 
value, the flag is cleared to 0; otherwise the flag is set to 1. 


During Load Accumulator with | or R register instruction, 
the P/V flag is loaded with the IEF2 flag. For details on this 
topic,.refer to Chapter 6, “Interrupts and Traps.” 


When a byte is inputted to a register from an |/O device 
addressed by the C register, the flag is adjusted to indicate 
the parity of the data. 


5.2.4 Half-Carry Flag (H) 


The Half-Carry flag (H) is set to 1 or cleared to 0 depending 
on the carry and borrow status between bits 3 and 4 of an 
8-bit arithmetic operation and between bits 11 and 12 ofa 
16-bit arithmetic operation. This flag is used by the Deci- 
mal Adjust Accumulator instruction to correct the result of 
an addition or subtraction operation on packed BCD data. 


5.2.5 Zero Flag (Z) 


The Zero flag (Z) is set to 1 if the result generated by the 
execution of certain instruction is a zero. 


For arithmetic and logical operations, the Zero flag is set to 
1 if the result is zero. If the result is not zero, the Zero flag 
is cleared to O. 


For block search instructions, the Zero flag is set to 1 ifa 
comparison is found between the value in the Accumulator 
and the memory location pointed to by the contents of the 
register pair HL. 


When testing a bitin a register or memory location, the Zero 
flag contains the complemented state of the tested bit (i.e., 
the Zero flag is set to 1 if the tested bit is a 0, and vice- 
versa). 


For block I/O instructions, if the result of decrements B is 
zero, the Zero flag is set to 1; otherwise, it is cleared to 0. 
Also, for byte inputs to registers from I/O devices ad- 
dressed by the C register, the Zero flag is set to 1 to 
indicate a zero byte input. 


5.2.6 Sign Flag (S) 


The Sign flag (S) stores the state of the most significant bit 
of the result. When the Z380 CPU performs arithmetic 
operation on signed numbers, binary two’s complement 
notation is used to represent and process numeric infor- 
mation. A positive number is identified by a O in the most 
significant bit. A negative number is identified by a 1 in the 
most significant bit. 


When inputting a byte from an I/O device addressed by the 
C register to a CPU register, the Sign flag indicates either 
positive (S = 0) or negative (S = 1) data. 
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5.2.7 Condition Codes Table 5-1 lists the condition code mnemonic, the flag 
setting it represents, and the binary encoding for each 

The Carry, Zero, Sign, and Parity/Overflow flags are used —_ condition code. 

to control the operation of the conditional instructions. The 

operation of these instructions is a function of the state of 

one of the flags. Special mnemonics called condition 

codes are used to specify the flag setting to be tested 

during execution of a conditional instruction; the condition 

codes are encoded into a 3-bit field in the instruction 

opcode itself. 


Table 5-1. Condition codes 


Condition Codes for Jump, Call, and Return Instructions 


Mnemonic Meaning Flag Setting Binary Code 
NZ Not Zero* Z=0 O00 
Z Zero” Z=4 001 
NC No Carry” C=0 010 
C Carry” Ca O14 
NV No Overflow V=0 100 
PO Parity Odd Ve 100 
V Overflow V=1 101 
PE Parity Even Ve 101 
NS No Sign 2 =0 110 
P Plus S=0 110 
S Sign one | 111 
M Minus oe 4 111 


*Abbreviated set 


Condition Codes for Jump Relative and Call Relative Instructions 


Mnemonic Meaning Flag Setting Binary Code 
NZ Not Zero Z=0 100 
Z Zero 7 ie 101 
NC No Carry C=0 110 
C Carry C= 1 1114 
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5.3 SELECT REGISTER 


The Select Register (SR) controls the register set selection 
and the operating modes of the Z380 CPU. The reserved 
bits in the SR are for future expansion; they will always read 
as zeros and should be written with zeros for future 


compatibility. Access to this register is done by using the 
newly added LDCTL instruction. Also, some of the instruc- 
tions like EXX, IM p, and DI/El change the bit(s). The SR 
was shown in Figure 5-2. 


Reserved (0) 


31 30 29 28 27 


IYBANK 
26 25 24 


{« —____ DSR —____+| 
Pc dd 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Reserved (0) IXBANK | xe | 
18 17 16 


23 22 21 20 19 


Figure 5-2. Select Register 


5.3.1. IY Bank Select (IYBANK) 


This 2-bit field selects the register set to be used for the lY 
and lY’ registers. This field can be set independently of the 
register set selection for the other Z380 CPU registers. 
Reset selects Bank 0 for IY and IY’. 


5.3.2. IY or IY’ Register Select (IY’) 


This bit controls and reports whether IY or IY’ is the 
currently active register. lY is selected when this bit is 
cleared, and IY’ is selected when this bit is set. Reset 
clears this bit, selecting IY. 


5.3.3. IX Bank Select (IXBANK) 


This 2-bit field selects the register set to be used for the IX 
and IX’ registers. This field can be set independently of the 
register set selection for the other Z380 CPU registers. 
Reset selects Bank 0 for IX and IX’. 


5.3.4. IX or IX’ Register Select (IX’) 


This bit controls and reports whether IX or |X’ is the 
currently active register. IX is selected when this bit is 
cleared, and |X’ is selected when this bit is set. Reset 
clears this bit, selecting IX. 


5.3.5. Main Bank Select (MAINBANK) 


This 2-bit field selects the register set to be used for the A, 
F, BC, DE, HL, A’, F’, BC’, DE’, and HL’ registers. This field 
can be set independently of the register set selection for 
the other Z380 CPU registers. Reset selects Bank O for 
these registers. 


5.3.6. BC/DE/HL or BC’/DE’/HL’ Register 
Select (ALT) 


This bit controls and reports whether BC/DE/HL or BC’/DE’/ 
HL’ is the currently active bank of registers. BC/DE/HL is 
selected when this bit is cleared, and BC’/DE’/HL’ is 
selected when this bit is set. Reset clears this bit, selecting 
BC/DE/HL. 


5.3.7. Extended Mode (XM) - 


This bit controls the Extended/Native mode selection for 
the Z380 CPU. This bit is set by the SETC XM instruction. 
This bit can not be reset by software, only by Reset. When 
this bit is set, the Z380 CPU is in Extended mode. Reset 
Clears this bit, and the Z380 CPU is in Native mode. 
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5.3.8. Long Word Mode (LW) 


This bit controls the Long Word/Word mode selection for 
the Z380 CPU. This bit is set by the SETC LW instruction 
and cleared by the RESC LW instruction. When this bit is 
set, the Z380 CPU is in Long Word mode; when this bit is 
cleared the Z380 CPU is in Word mode. Reset clears this 
bit. Note that individual Word load and exchange instruc- 
tions may be executed in either Word or Long Word mode 
using the DDIR W and DDIR LW decoder directives. 


5.3.9. Interrupt Enable Flag (IEF) 


This bit is the master Interrupt Enable for the Z380 CPU. 
This bit is set by the El instruction and cleared by the DI 
instruction, or on acknowledgment of an interrupt request. 
When this bit is set, interrupts are enabled; when this bit is 
cleared, interrupts are disabled. Reset clears this bit. 


5.3.10. Interrupt Mode (IM) 


This 2-bit field controls the interrupt mode for the /INTO 
interrupt request. These bits are controlled by the IM 
instructions (00 = IMO, 01 = IM 1, 10 = IM 2, 11 = IM 38). 
Reset clears both of these bits, selecting Interrupt Mode 0. 


5.3.11. Lock (LCK) 


This bit controls the Lock/Unlock status of the Z380 CPU. 
This bit is set by the SETC LCK instruction and cleared by 
the RESC LCK instruction. When this bit is set, no bus 
requests will be accepted, providing exclusive access to 
the bus by the Z380 CPU. When this bit is cleared, the Z380 
CPU will grant bus requests in the normal fashion. Reset 
clears this bit. 


5.3.12. AF or AF’ Register Select (AF’) 


This bit controls and reports whether AF or AF’ is the 
currently active pair of registers. AF is selected when this 
bitis cleared, and AF’ is selected when this bit is set. Reset 
clears this bit, selecting AF. 


5.4 INSTRUCTION EXECUTION AND EXCEPTIONS 


Three types of exception conditions—interrupts, trap, and 
Reset—can alter the normal flow of program execution. 
Interrupts are asynchronous events generated by a device 
external to the CPU; peripheral devices use interrupts to 
request service from the CPU. Trap is asynchronous event 
generated internally in the CPU by executing undefined 
instructions. Reset is an asynchronous event generated by 
outside circuits. It terminates all current activities and puts 
the CPU into a known state. Interrupts and Traps are 
discussed in detail in Chapter 6, and Reset is discussed in 
detail in Chapter 7. This section examines the relationship 
between instructions and the exception conditions. 


5.4.1 Instruction Execution and Interrupts 


When the CPU receives an interrupt request, and it is 
enabled for interrupts of that class, the interrupt is normally 
processed at the end of the current instruction. However, 
the block transfer and search instructions are designed to 
be interruptible so as to minimize the length of time it takes 
the CPU to respond to an interrupt. If an interrupt request 
is received during a block move, block search, or block 
I/O instruction, the instruction is suspended after the 
current iteration. The address of the instruction itself, rather 
than the address of the following instruction, is saved on 
the stack, so that the same instruction is executed again 
when the interrupt handler executes an interrupt return 


instruction. The contents of the repetition counter and the 
registers that index into the block operands are such that, 


after each iteration, when the instruction is reissued upon & 


returning from an interrupt, the effect is the same as if the 
instruction were not interrupted. This assumes, of Course, 
that the interrupt handler preserves the registers. 


5.4.2 Instruction Execution and Trap 


The Z380 MPU generates a Trap when an undefined 
opcode is encountered. The action of the CPU in response 
to Trap is to jump to address OOOOOOOOH with the status 
bit(s) set. This response is similar to the 2180 MPU’s action 
on execution of an undefined instruction. The Trap is 
enabled immediately after reset, and it is not maskable. 
This feature can be used to increase software reliability or 
to implement “extended” instructions. An undefined op- 
code can be fetched from the instruction stream, or it can 
be returned as a vector in an interrupt acknowledge 
transaction in Interrupt mode 0. 


Since it jumps to address OOOOOOOOH, it is necessary to 
have a Trap handling routine at the beginning of the 
program if processing is to proceed. Otherwise, it behaves 
just like areset for the CPU. For adetailed description, refer 
to Chapter 6. 
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5.5 INSTRUCTION SET FUNCTIONAL GROUPS 


This section presents an overview of the Z380 instruction 
set, arranged by functional groups. (See Section 5.5 for an 
explanation of the notation used in Tables 5-2 through 5- 
11). 


5.5.1 8-Bit Load/Exchange Group 


This group of instructions (Table 5-2) includes load instruc- 
tions for transferring data between byte registers, transfer- 
ring data between a byte register and memory, and load- 
ing immediate data into byte register or memory. For the 
supported source/destination combinations, refer to Table 
5-3. 
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An Exchange instruction is available for swapping the 
contents of the accumulator with another register or with 
memory, aS well as between registers. Also, exchange 
instructions are available which swap the contents of the 
register in the primary register bank and auxiliary register 
bank. 


The instruction in this group does not affect the flags. 


Table 5-2. 8-Bit Load Group Instructions 


Instruction Name Format Note 

Exchange with Accumulator EX A,r 
EX A,(HL) 

Exchange r and r’ EX rr r=A, B, C, D, E, Hore 

Load Accumulator LD A,src See Table 5-3 
LD dst,A See Table 5-3 

Load Immediate LD dst,n See Table 5-3 
LD (HL),n See Table 5-3 

Load Register (Byte) LD R,src See Table 5-3 
LD R,(HL) See Table 5-3 
LD dst,R See Table 5-3 
LD (HL),R See Table 5-3 


Table 5-3. 8-Bit Load Group Allowed Source/Destination Combinations 


Source 

Dist A B C OD E H L- XH IXL 
A Vv vVvVvvvovov V 
B Vv vv¥vvvVvovoYv V 
C Vv vvVvvvvovov V 
D VvvvvvVvovov V 
E V Vv v¥vvvvov ov V 
H Vv Vv vvvvv 

L i ae, ee a | 

KH Vo Vv Vv viv - Vo oY 
XL vV¥ vv vv V 
WH vV¥ vv vv 

WL ov Vo vVvovoYv 

(BC) Vv 

(DE) Vv 

(HL) VY VY Vv vv vv 

(nn) v 

(IX+d) V Vo ovo Vv vv 
(Y+d)¥V Vv vv vv 


Note: V are supported combinations. 


YH IYL nm (nn) (BC) (DE) (HL) (IX+d) (IY+d) 
Vov4v4vyvav vo v4 
Yovo4 Vovo4 
Yovo4 Vov 4 
vovo4 Vovo¥ 
Tv 4 Y v4 
y Vov oy 
1 Voy ¥ 
J 
J 
Yoqvio4 
Vovo4 
I 
4] 
4] 


f 
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5.5.2 16-Bit and 32-Bit Load, Exchange, 
SWAP, and PUSH/POP Group 


This group of load, exchange, and PUSH/POP instructions 
(Table 5-4) allows one or two words of data (two bytes 
equal one word) to be transferred between registers and 
memory. 


The exchange instructions (Table 5-5) allow for switching 
between the primary and alternate register files, exchang- 
ing the contents of two register files, exchanging the 
contents of an addressing register with the top word on the 
stack. For possible combinations of the word exchange 
instructions, refer to Table 5-5. The 16-bit and 32-bit loads 
include transfer between registers and memory and imme- 
diate loads of registers or memory. The Push and Pop 
stack instructions are also included in this group. None of 
these instructions affect the CPU flags, except for EX AF, 
Ar. 


Table 5-6 has the supported source/destination combina- 
tion for the 16-bit and 32-bit load instructions. The transfer 
size, 16-bit or 32-bit, is determined by the status of LW bit 
in SR, or by DDIR Decoder Directives. 


PUSH/POP instructions are used to save/restore the con- 
tents of a register onto the stack. It can be used to 
exchange data between procedures, save the current 
register file on context switching, or manipulate data on the 
stack, such as return addresses. Supported sources are 
listed in Table 5-7. 


Swap instructions allows swapping of the contents of the 
Word wide register (BC, DE, HL, IX, or lY) with its Extended 
portion. These instructions are useful to manipulate the 
upper word of the register to be set in Word mode. For 
example, when doing data accesses, other than 
OOOOO00OH-OOOOFFFFH address range, use this instruc- 
tion to set “data frame” addresses. 


This group of instructions is affected by the status of the LW 
bit in SR (Select Register), and Decoder Directives which 
specifies the operation mode in Word or Long Word. 


Table 5-4. 16-Bit and 32-Bit Load, Exchange, PUSH/POP Group Instructions 
Note 
See Table 5-5 


Format 


Exchange Word/Long Word Registers EX dst,src 
Exchange Byte/Word Registers with Alternate Bank EXX 


Instruction Name 


Exchange Register Pair with Alternate Bank EX RR,RR’ RR = AF, BC, DE, or HL 
Exchange Index Register with Alternate Bank EXXX 
EXXY 
Exchange All Registers with Alternate Bank EXALL 
Load Word/Long Word Registers LD dst,src see Table 5-6 
LDW dst,src see Table 5-6 
POP POP dst See Table 5-7 
PUSH PUSH src ‘See Table 5-7 
Swap Contents of D31-D16 and D15-D0 SWAP dst dst = BC, DE, HL, IX, or lY 


Table 5-5. Supported Source and Destination 
Combination for 16-Bit and 32-Bit 


Exchange Instructi wer 
g si Note: V are supported combinations. The exchange in- 


Source structions which designate IY register as destination are 
Destination BC DE HL IX IY covered by the other combinations. These Exchange 
Word instructions are affected by Long Word mode. 
BC V v v V 
DE V v V 
HL v v 
IX V 
(SP) V v v 
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Table 5-6. Supported Source and Destination Combination for 16-Bit and 32-Bit Load Instructions. 


Source 
Destination BC DE HL IX IY SP non 
BC L L L oe IL 
DE L E L LL IL 
HL L L L be IL 
IX L L [ L IL 
LY. L L L L IL 
SP L Ee ib IL 
(BC) L L be DR. tt ILW 
(DE) L L L E& it ILW 
(HL) L L L Ee ILW 
(nn) ee | oe | oe | OO | | 
(IX+d) | ee | oe | IL 
(lY+d) | ee | Oe | | 
(SP+d) | | oe | OO | OO | 


Note: The column with the character(s) are the allowed 
source/destination combinations. The combination with 
“L” means that the instruction is affected by Long Word 


(nn) (BC) (DE) (HL) (IX+d) (IY+d) (SP+d) 
ee es Re | IL IL 
lobLoek bc ot IL IL 

i, 2h.. “& 7 We IL IL 

ix 3b % IL IL 

(a re ee, Oe: | IL 

IL 


mode, “I” means that the instruction is can be used with 
DDIR Immediate instruction. Also, “W” means the instruc- 
tion uses the mnemonic of “LDW” instead of “LD”. 


Table 5-7. Supported Operand for PUSH/POP Instructions 


AF BC DE HL IX WI 
PUSH VY V V v V v 
POP v v v V v | 


SR 
J 
Fi 


nn 


J 


Note: These PUSH/POP instructions are affected by Long Word mode of operations. 


5.5.3 Block Transfer and Search Group 


This group of instructions (Table 5-8) supports block 
transfer and string search functions. Using these instruc- 
tions, a block of up to 65536 bytes of byte, Word, or Long 
Word data can be moved in memory, or a byte string can 
be searched until a given value is found. All the operations 
can proceed through the data in either direction. Further- 
more, the operations can be repeated automatically while 
decrementing alength counter until itreaches zero, or they 
can operate on one storage unit per execution with the 
length counter decremented by one and the source and 
destination pointer register properly adjusted. The latter 
form is useful for implementing more complex operations 
in software by adding other instructions within a loop 
containing the block instructions. 


Various Z380 CPU registers are dedicated to specific 
functions for these instructions—the BC register for a 
counter, the DEZ/DE and HL2/HL registers for memory 
pointers, and the accumulator for holding the byte value 
being sought. The repetitive forms of these instructions are 
interruptible; this is essential since the repetition countcan 
be as high as 65536. The instruction can be interrupted 
after any interaction, in which case the address of the 
instruction itself, rather than next one, is saved on the 
stack. The contents of the operand pointer registers, as 
well as the repetition counter, are such that the instruction 
can simply be reissued after returning from the interrupt 
without any visible difference in the instruction execution. 


In case of Word or Long Word block transfer instructions, 
the counter value held in the BC register is decremented 
by two or four, depending on the LW bit status. Since 
exiting from these instructions will be done when counter 
value gets to O, the count value stored in the BC registers 
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has to be an even number (DO = 0) in Word mode transfer, 
and a multiple of four in Long Word mode (D1 and DO are 
both 0). Also, in Word or Long Word Block transfer, 
memory pointer values are recommended to be even 
numbers so the number of the transactions will be mini- 
mized. 


Note that regardless of the Z380’s operation mode, Native 
or Extended, memory pointer increment/decrement will be 
done in modulo 2%. For example, if the operation is LDI and 
HL31-HLO (HLz and HL) hold OOOOFFFF, after the opera- 
tion the value in the HL31-HLO will be 0010000. 


Table 5-8. Block Transfer and Search Group 


Instruction Name Format 
Compare and Decrement CPD 
Compare, Decrement and Repeat CPDR 
Compare and Increment CPI 
Compare, Increment and Repeat CPIR 
Load and Decrement LDD 
Load , Decrement and Repeat LDDI 


Load and Increment LDI 
Load, Increment and Repeat 
Load and Decrement in Word/Long Word LDDW 
Load, Decrement and Repeat in Word/Long Word 

LDDRW 
Load and Increment in Word/Long Word LDIW 
Load, Increment and Repeat in Word/Long Word 

LDIRW 


5.5.4 8-bit Arithmetic and Logical Group 


This group of instructions (Table 5-9) perform 8-bit arith- 
metic and logical operations. The Add, Add with Carry, 
Subtract, Subtract with Carry, AND, OR, Exclusive OR, and 
Compare takes one input operand from the accumulator 
and the other from a register, from immediate data in the 
instruction itself, or from memory. For memory addressing 
modes, follows are supported—lIndirect Register, Indexed, 
and Direct Address—except multiplies, which returns the 
16-bit result to the same register by multiplying the upper 
and lower bytes of one of the register pair (BC, DE, HL, or 
SP). 


The Increment and Decrement instructions operate on 
data in a register or in memory; all memory addressing 
modes are supported. These instructions operate only on 
the accumulator—Decimal Adjust, Complement, and Ne- 
gate. The final instruction in this group, Extend Sign, sets 
the CPU flags according to the computed result. 


The EXTS instruction extends the sign bit and leaves the 
result in the HL register. If it is in Long Word mode, HLz 
(HL31-HL16) portion is also affected. 


The TST instruction is a nondestructive AND instruction. It 
ANDs "A" register and source, and changes flags accord- 
ing to the result of operation. Both source and destination 
values will be preserved. 


Table 5-9. Supported Source/Destination for 8-Bit Arithmetic and Logic Group 


src/ 

instruction Name Format dst A B C¢ OD 
Add With Carry (Byte) ADCAstc strc V Vv VV ¥ 
Add (Byte) ADDAsrc src V Vv WV Vv 
AND AND[A]stc sto V VY Vv ¥ 
Compare (Byte) CP[A]Jsc sto vV V VV ¥ 
Complement Accumulator CPL [A] dst ov 

Decimal Adjust Accumulator DAA dst iV 

Decrement (Byte) DEC dst dt vv vv 
Extend Sign (Byte) EXTS[A] dst Vv 

Increment (Byte) INC dst dt Vv wv Vv 
Multiply (Byte) MLT src Note 1 

Negate Accumulator NEG [A] dst ov 

OR OR[A]scc sto vV V V V 
Subtract with Carry (Byte) SBCAsrc src V V vV V 
Subtract (Byte) SUB[A]Jsrc sto Vv wv v 
Nondestructive Test TST dst sc V vv Vv 
Exclusive OR XOR[A]src sto V vVvV Vv Vv 


Note 1: dst = BC, DE, HL, or SP. 


E HL IXH IXL IYH IYL n (HL) (IX+d) (IY+x) 
Vvvv¥vy viva vy 
V¥¥V¥ YY vv Vv Y 
Vv¥vVYv vVvY va vO Y 
Vv¥v¥¥¥ ¥Yv vv Vv Y 


2a2ceise] se 
2e2 ee] se 
OL 
a 424) = 
a 424] = 
2 2424) 2 
2 2.4) 
2eieief me 
a a a a an 
a 42] ae 
a a oe a 
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5.5.5 16-Bit Arithmetic Operation 


This group of instructions (Table 5-10) provide 16-bit 
arithmetic instructions. The Add, Add with Carry, Subtract, 
Subtract with Carry, AND, OR, Exclusive OR, and Com- 
pare takes one input operand from an addressing register 
and the other from a 16-bit register, or from the instruction 
itself; the result is returned to the addressing register. The 
16-bit Increment and Decrement instructions operate on 
data found in a register or in memory; the Indirect Register 
or Direct Address addressing mode can be used to 
specify the memory operand. 


The remaining 16-bit instructions provide general arith- 
metic capability using the HL register as one of the input 
operands. The word Add, Subtract, Compare, and signed 
and unsigned Multiply instructions take one input operand 
from the HL register and the other from a 16-bit register, 
from the instruction itself, or from memory using Indexed 


or Direct Address addressing mode. The 32-bit result of a 
multiply is returned to the HLz and HL (HL31-HLO). The 
unsigned divide instruction takes a 16-bit dividend from 
the HL register and a 16-bit divisor from aregister, from the 
instruction, or memory using the Indexed mode. The 16-bit 
quotient is returned in the HL register and the 16-bit 
reminder is returned to the HLz (HL31-HL16). The Extend 
Sign instruction takes the contents of the HL register and 
delivers the 32-bit result to the HLz and HL registers. The 
Negate HL instruction negates the contents of the HL 
register. 


Except for Increment, Decrement, and Extend Sign, all the 
instructions in this group set the CPU flags to reflect the 
computed result. 


Table 5-10. 16-Bit Arithmetic Operation 


src/ 

Instruction Name Format dst 
Add With Carry (Worq) ADC HL,src SIC 

ADCW [HL],src SIC 
Add (Word) ADD HL,src src 

ADD IX,src SIC 

ADD IY,src src 

ADDW [HL,]src SIC 
Add to Stack Pointer ADD SP,nn src 
AND Word ANDW [HL, ]src src 
Complement Accumulator CPLW [HL] dst 
Compare (Word) CPW [HL, ]src src 
Decrement (Word) DEC[W] dst dst 
Divide Unsigned DIVUW [HL,]src src 
Extend Sign (Wora) EXTSW [HL] dst 
Increment (Word) INC[W] dst dst 
Multiply Word Signed MULT [HL,]src src 
Multiply Word Unsigned MULTUW [HL,]src_ src 
Negate Accumulator NEGW [A] dst 
OR Word ORW [HL,]src SIC 
Subtract with Carry (Word) SBC HL,src src 

SBCW [HL],src src 
Subtract (Word) SUB HL,(nn) Src 

SUBW [HL, ]src src 
Subtract from Stack Pointer SUB SP,nn src 


Exclusive OR XORW [HL, |src src 


Note: that the instructions with “X” at the rightmost column is affected by 
Extended mode. These operate across all the 32 bits in Modulo 2° for 
address calculation. 
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BC DE HL SP IX IY nn (nn) (IX+d) (IY+d) 
VovVv ov 
Vv Vv v V4 
VV ov V x 
V VV X 
\ V v X 
Vv Vovov V4 
V X 
V : VoVvov . 4 
Voo4v 4 AL VY 
VoVvVoviov ov x 
V : Vv Vv V9 
VoVvVvovov x 
Vv Vv Vv VY 
V : Vv v VY 
VV Vv Vv Vo 
Vv Vv V 
Vv VoVvov Vo 
v x 
VV Vv ov VV 
V X 
Vv Vv ov Vo 
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5.5.6 8-Bit Manipulation, Rotate and Shift 
Group 


Instructions in this group (Table 5-11) test, set, and reset 
bits within bytes, and rotate and shift byte data one bit 
position. Bits to be manipulated are specified by a field 
within the instruction. Rotate can optionally concatenate 
the Carry flag to the byte to be manipulated. Both left and 
right shifting is supported. Right shifts can either shift 0 into 
bit 7 (logical shifts), or can replicate the sign in bits 6 and 
7 (arithmetic shifts). All these instructions, Set Bit and 
Reset Bit, set the CPU flags according to the calculated 
result; the operand can be aregister or amemory location 


specified by the Indirect Register or Indexed addressing 
mode. 


The RLD and RRD instructions are provided for manipulat- 
ing strings of BCD digits; these rotate 4-bit quantities in 
memory specified by the Indirect Register. The low-order 
four bits of the accumulator are used as a link between 
rotation of successive bytes. 


Table 5-11. Bit Set/Reset/Test, Rotate and Shift Group 


Instruction Name Format A 


Bit Test BIT dst V 
Reset Bit RES dst Vv 
Rotate Left RL dst V 
Rotate Left Accumulator RLA V 
Rotate Left Circular RLC dst Vv 
Rotate Left Circular (Accumulator) RLCA V 
Rotate Left Digit RLD .] 
Rotate Right RR dst V 
Rotate Right Accumulator RRA V 
Rotate Right Circular RRC dst ¥ 
Rotate Right Circular (Accumulator) RRCA V 
Rotate Right Digit RRD V 
Set Bit SET dst Vv 
Shift Left Arithmetic SLAdst Vv 
Shift Right Arithmetic SRA dst vV 
Shift Right Logical SRL V 


5.5.7 16-Bit Manipulation, Rotate and Shift 
Group 


Instructions in this group (Table 5-12) rotate and shift word 
data one bit position. Rotate can optionally concatenate 
the Carry flag to the word to be manipulated. Both left and 
right shifting is supported. Right shifts can either shift 0 into 


B C D E HL (HL) (iX+d) (IY+d) 
Vovyvvvv vv ov 4 
Vvvvv¥_v¥ vo vo 4 
Vvvvv¥v¥ vo voy 
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bit 15 (logical shifts), or can replicate the sign in bits 14 and 
15 (arithmetic shifts). The operand can be aregister pair or 
memory location specified by the Indirect Register or 
Indexed addressing mode, as shown below. 


Table 5-12. 16-Bit Rotate and Shift Group. 


Instruction Name Format BC 
Rotate Left Word RLW dst V 
Rotate Left Circular Word RLCW dst V 
Rotate Right Word RRW dst V 
Rotate Right Circular Word RRCW dst V 
Shift Left Arithmetic Word SLAW dst V 
Shift Right Arithmetic Word SRAW dst V 
Shift Right Logical Word SRLW v 


DE HL IX TY 
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Destination 
(HL) (HL) (IX+d) (IY+d) 
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5.5.8 Program Control Group 


This group of instructions (Table 5-13) affect the Program 
Counter (PC) and thereby control program flow. The CPU 
registers and memory are not altered except for the Stack 
Pointer and the Stack, which play a significant role in 
procedures and interrupts. (An exception is Decrement 
and Jump if Non-Zero [DUNZ], which uses a register as a 
loop counter.) The flags are also preserved except for the 
two instructions specifically designed to set and comple- 
ment the Carry flag. 


The Set/Reset Condition flag instructions can be used with 
Conditional Jump, conditional Jump Relative, Conditional 
Call, and Conditional Return instructions to control the 
program flow. 


The Jump and Jump Relative (JR) instructions provide a 
conditional transfer of control to a new location if the 
processor flags satisfy the condition specified in the in- 
struction. Jump Relative, with an 8-bit offset (JR e), is atwo 
byte instruction that jumps any instructions within the 
range -—126 to +129 bytes from the location of this instruc- 
tion. Most conditional jumps in programs are made to 
locations only a few bytes away; the Jump Relative, with an 
8-bit offset, exploits this fact to improve code compact- 
ness and efficiency. Jump Relative, with a 16-bit offset (UR 
[cc, ]ee), is a four byte instruction that jumps any instruc- 
tions within the range -32765 to +32770 bytes from the 
location of this instruction, and Jump Relative, with a 24-bit 
offset (UR [cc,] eee), is a five byte instruction that jumps any 
instructions within the range -8388604 to +8388611 bytes 
from the location of this instruction. By using these Jump 
Relative instructions with 16-bit or 24-bit offsets allows to 
write relocatable (or location independent) programs. 


Call and Restart are used for calling subroutines; the 
current contents of the PC are pushed onto the stack and 
the effective address indicated by the instruction is loaded 


into the PC. The use of a procedure address stack in this 
manner allows straightforward implementation of nested 
and recursive procedures. Call, Jump, and Jump Relative 
can be unconditional or based on the setting of aCPU flag. 


Call Relative (CALR) instructions work just like ordinary 
Call instructions, but with Relative address. An 8-bit, 16- 
bit, or 24-bit offset value can be used, and that allows to call 
procedure within the range of -126 to +129 bytes (8-bit 
offset; CALR [cc, Je), -32765 to +32770 bytes (16-bit offset; 
CALR [cc, ]ee), or -8388604 to +8388611 bytes (JR [cc,] 
eee) are supported. These instructions are really useful to 
program relocatable programs. 


Jump is available with Indirect Register mode in addition 
to Direct Address mode. It can be useful for implementing 
complex control structures such as dispatch tables. When 
using Direct Address mode for aJump or Call, the operand 
is used as an immediate value that is loaded into the PC to 
specify the address of the next instruction to be executed. 


The conditional Return instruction is a companion to the 
call instruction; if the condition specified in the instruction 
is satisfied, it loads the PC from the stack and pops the 
stack. 


A special instruction, Decrement and Jump if Non-Zero 
(DJNZ), implements the control part of the basic Pascal 
FOR loop which can be implemented in an instruction. It 
supports 8-bit, 16-bit, and 24-bit displacement. 


Note that Jump Relative, Call Relative, and DJNZ instruc- 
tions use modulo 2"6 in Native mode, and 2° in Extended 
mode for address calculation. So it is possible that the 
Z380 CPU can jump to an unexpected address. 


Table 5-13. Program Control Group Instructions 


Instruction Name Format 

Call CALL cc,dst 

Complement Carry Flag CCF 

Call Relative CALR cc,dst 

Decrement and Jump if Non-zero DJNZ dst 

Jump JP cc,dst 
JP dst 

Jump Relative JR cc,dst 

Return RET cc 

Restart RST p 

Set Carry Flag SCF 


nn (PC+d) (HL) (IX) (IY) 
| 
| 
| 
| 
Vovoo4 
4 
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5.5.9 External Input/Output Instruction 
Group 


This group of instructions (Table 5-14) are used for trans- 
ferring a byte, a word, or string of bytes or words between 
peripheral devices and the CPU registers or memory. Byte 
I/O port addresses transfer bytes on D7-D0 only. These 8- 
bit peripherals in a 16-bit data bus environment must be 
connected to data line D7-DO. In an 8-bit data bus environ- 
ment, word 1/O instructions to external I/O peripherals 
should not be used; however, on-chip peripherals which is 
external to the CPU core and assigned as word I/O device 
can still be accessed by word I/O instructions. 


The instructions for transferring asingle byte (IN, OUT) can 
transfer data between any 8-bit CPU register or memory 
address specified in the instruction and the peripheral port 
specified by the contents of the C register. The IN instruc- 
tion sets the CPU flags according to the input data; 
however, special instructions restricted to using the CPU 
accumulator and Direct Address mode and do not affect 
the CPU flags. Another variant tests an input port specified 
by the contents of the C register and sets the CPU flags 
without modifying CPU registers or memory. 


The instructions for transferring a single word (INW, OUTW) 
can transfer data between the register pair and the periph- 
eral port specified by the contents of the C register. For 
Word I/O, the contents of B, D, or H appear on D7-DO and 


the contents of C, E, or L appear D15-D7. These instruc- 
tions do not affect the CPU flags. 


Also, there are |/O instructions available which allow to 
specify 16-bit absolute I/O address (with DDIR decoder 
directives, a 24-bit or 32-bit address is specified) is avail- 
able. These instructions do not affect the CPU flags. 


The remaining instructions in this group form a powerful 
and complete complement of instructions for transferring 
blocks of data between I/O ports and memory. The opera- 
tion of these instructions is very similar to that of the block 
move instructions described earlier, with the exception 
that one operand is always an I/O port whose address 
remains unchanged while the address of the other oper- 
and (amemory location) is incremented or decremented.In 
Word mode of transfer, the counter (i.e., BC register) holds 
the number of transfers, rather than number of bytes to 
transfer in memory-to-memory word block transfer. Both 
byte and word forms of these instructions are available. 
The automatically repeating forms of these instructions are 
interruptible, like memory-to-memory transfer. 


The I/O addresses output on the address bus is de- 
pendant on the 1/O instruction, as listed in Table 2-1. 
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5.5.9 External Input/Output Instruction Group (Continued) 


Table 5-14. External I/O Group Instructions. 


Instruction Name 


Input 

Input Accumulator 

Input to Word-Wide Register 
Input Byte from Absolute Address 


Input Word from Absolute Address 
Input and Decrement (Byte) 

Input and Decrement (Word) 

Input, Decrement, and Repeat (Byte) 


Input, Decrement, and Repeat (Word) 
Input and Increment (Byte) 

Input and Increment (Wora) 

Input, Increment, and Repeat (Byte) 


Input, Increment, and Repeat (Word) 
Output 

Output Accumulator 

Output from Word-Wide Register 


Output Byte from Absolute Address 
Output Word from Absolute Address 
Output and Decrement (Byte) 
Output and Decrement (Word) 


Output, Decrement, and Repeat (Byte) 
Output, Decrement, and Repeat (Word) 
Output and Increment (Byte) 

Output and Increment (Word) 

Output, Increment, and Repeat (Byte) 
Output, Increment, and Repeat (Word) 


5-14 


Format 


IN dst,(C) dsi=A, B.C; BD: 'E, For L 
IN A,(n) 

INW dst,(C) dst=BC, DE or HL 

INAW A,(nn) 


INAW HL,(nn) 


INIRW 
OUT (C),src src =A, B, C, D, E, H, L, orn 
OUT (n),A 

OUTW (C), src 


OUTAW (nn),A 
OUTAW (nn),HL 


src = BC, DE, HL, or nn 
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5.5.10 Internal I/O Instruction Group 


This group (Table 5-15) of instructions is used to access 
on-chip I/O addressing space on the Z380 CPU. This 
group consists of instructions for transferring a byte from/ 
to Internal 1/O locations and the CPU registers or memory, 
or a blocks of bytes from the memory to the same size of 
Internal I/O locations for initialization purposes. These 
instructions are originally assigned as newly added 1|/O 
instructions on the Z180 MPU to access Page O |/O 
addressing space. There is 256 Internal I/O locations, and 
all of them are byte-wide. When one of these |/O instruc- 
tions is executed, the Z380 MPU outputs the register 
address being accessed in a pseudo transaction of two 
BUSCLK durations cycle, with the address signals A31-A8 
at O. In the pseudo transactions, all bus control signals are 
at their inactive state. 


The instructions for transferring a single byte (INO, OUTO) 
can transfer data between any 8-bit CPU register and the 
Internal I/O address specified in the instruction. The INO 
instruction sets the CPU flags according to the input data; 
however, special instructions which do not have a destina- 


tion in the instruction with Direct Address (INO (n)), do not 
affect the CPU register, but alters flags accordingly. An- 
other variant, the TSTIO instruction, does a logical AND to 
the instruction operand with the internal !/O location speci- 
fied by the C register and changes the CPU flags without 
modifying CPU registers or memory. 


The remaining instructions in this group form a powerful 
and complete complement of instructions for transferring 
blocks of data from memory to Internal I/O locations. The 
operation of these instructions is very similar to that of the 
block move instructions described earlier, with the excep- 
tion that one operand is always an Internal I/O location 
whose address also increments or decrements by one 
automatically, Also, the address of the other operand (a 
memory location) is incremented or decremented. Since 
Internal I/O space is byte-wide, only byte forms of these 
instructions are available. Automatically repeating forms 
of these instructions are interruptible, like memory-to- 
memory transfer. 


Table 5-15. Internal I/O Instruction Group 


instruction Name 


Input from Internal I/O Location 


Input from Internal I/O Location(Nondestructive) 


Test I/O 

Output to Internal !/O Location 
Output to Internal I/O and Decrement 
Output to Internal I/O and Increment 


Output to Internal I/O, Decrement and Repeat 


Format 


INO dst,(n) 
INO (n) 
TSTIO n 
OUTO (n),src 
OTDM 

OTIM 
OTDMR 
OTIMR 


dst=A, B,C, D).E. Hor Le 


src=A, B,C, D,E, Hore 


Output to Internal I/O, Increment and Repeat 


Currently, the Z380 CPU core has the following registers as a part of the CPU core: 


Register Name 


Interrupt Enable Register 16H 
Assigned Vector Base Register 17H 
Trap Register 18H 


Chip Version ID Register OQFFH 


Chip Version ID register returns one byte data, which 
indicates the version of the CPU, or the specific implemen- 
tation of the Z880 CPU based Superintegration device. 
Currently, the value OOH is assigned to the Z380 MPU, and 
other values are reserved. 


For the other three registers, refer to Chapter 6, “Interrupt 
and Trap.” 


Internal I/O address 


Also, the 2380 MPU has registers to control chip selects, 
refresh, waits, and I/O clock divide to Internal I/O address 
OOH to 10H. For these register, refer to Z380 MPU Product 
specification. 
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5.5.11 CPU Control Group 


The instructions in this group (Table 5-16) act upon the 
CPU controland status registers or perform other functions 
that do notfitinto any of the other instruction groups. These 
include two instructions used for returning from an inter- 
rupt service routine. Return from Nonmaskable Interrupt 
(RETN) and Return from Interrupt (RETI) are used to pop 
the Program Counter from the stack and manipulate the 
Interrupt Enable Flag (IEF1 and IEF2), or to signal a reset 
to the Z80 peripherals family. 


The Disable and Enable Interrupt instructions are used to 
set/reset interrupt mask. Without a mask parameters, it 
disables/enables maskable interrupt globally. With mask 
data, it enables/disables interrupts selectively. 


HALT and SLEEP instructions stop the CPU and waits for 
an event to happen, or puts the system into the power save 
mode. 


Bank Test instructions reports which register file, primary 
or alternate bank, is in use at the time, and reflect the status 


into a flag register. For example, this instruction is useful to 
implement the recursive program, which uses the alter- 
nate bank to save a register for the first time, and saves 
registers into memory thereafter. 


Mode Test instructions reports the current mode of opera- 
tion, Native/Extended, Word/Long Word, Locked or not. 
This instruction can be used to switch procedures de- 
pending on the mode of operation. 


Load Accumulator from R or | Register instructions are 
used to report current interrupt mask status. Load from/to 
register instructions are used to initialize the | register. 


Load Control register instructions are used to read/write 
the Status Register, set/reset control bit instructions and to 
set/reset the control bits in the SR. 


The No Operation instruction does nothing, and can be 
used as a filler, for debugging purposes, or for timing 
adjustment. 


Table 5-16. CPU Control Group 


Instruction Name 


Bank Test 

Disable Interrupt 

Enable Interrupt 

HALT 

Interrupt Mode Select 

Load Accumulator from | or R Register 
Load | or R Register from Accumulator 
Load | Register from HL Register 
Load HL Register from | Register 
Load Control 

Mode Test 

No Operation 

Return from Interrupt 

Return from Nonmaskable Interrupt 
Reset Control Bit 

Set Control Bit 

Sleep 
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Format 


BTEST 

DI [mask] 
El [mask] 
HALT 

IM p 

LD A,src 
LD dst,A 
LD[W] HL,| 
LD[W] HL,| 
LDCTL dst,src 
MTEST 
NOP 

RETI 
RETN 
RESC dst 
SETC dst 
SLP 


dst=LCK, LW 
dst=LCK, LW, XM 
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5.5.12 Decoder Directives 


The Decoder Directives (Table 5-17) are a special instruc- 
tions to expand the Z80 instruction set to handle the Z380’s 
4 Gbytes of linear memory addressing space. For details 
on this instruction, refer to Chapter 3. 


5.6 NOTATION AND BINARY ENCODING 


The rest of this chapter consists of a detailed description 
of the Z380 CPU instructions, arranged in alphabetical 
order by mnemonic. This section describes the notational 
conventions used in the instruction descriptions and the 
binary encoding for register fields within the instruction’s 
operation codes (opcodes). 


The description of each instruction begins on a new page. 
The instruction mnemonic and name are printed in bold 
letters at the top of each page to enable the reader to easily 
locate a desired description. The assembly language 
syntax is then given in a single generic form that covers all 
the variants of the instruction, along with alist of applicable 
addressing modes. This is followed by a description of the 
operation performed by the instruction in “pseudo Pascal” 
fashion, a detailed description, a listing of all the flags that 
are affected by the instruction, and illustrations of the 
opcodes for all variants of the instruction. 


Symbols. The following symbols are used to describe the 
instruction set. 


n An 8-bit constant 
nn A 16-bit constant 
d An 8-bit offset. (two’s complement) 


Src Source of the instruction 
dst Destination of the instruction 
SR Select Register 


R Any register. In Word operation, any register pair. 
Any 8-bit register (A, B, C, D, E, H, or L) for Byte 
operation. 

IR Indirect register 


RX Indexed register (IX or IY) in Word operation, IXH, 
IXL, IYH, or YL for Byte operation. 

SP Current Stack Pointer 

(C) I/O Port pointed by C register 


cc Condition Code 
[ ] Optional field 
() Indirect Address Pointer or Direct Address 


Table 5-17. Decoder Directive Instructions 


DDIR W Word Mode 

DDIR IB,W Immediate Byte, Word Mode 

DDIR IW,W Immediate Word, Word Mode 
DDIR IB Immediate Byte 

DDIR LW Long Word Mode 

DDIR IB,LW Immediate Byte, Long Word Mode 
DDIR IW,LW Immediate Word, Long Word Mode 
DDIR |W Immediate Word 


Assignment of a value is indicated by the symbol "«—". For 
example, 


dst — dst + src 


indicates that the source data is added to the destination 
data and the result is stored in the destination location. 


The symbol “<9” indicates that the source and destination 
is swapping. For example, 


dst © src 
indicates that the source data is swapped with the data in 
the destination; after the operation, data at “src” is in the 


“dst” location, and data in “dst “is in the “src” location. 


The notation “dst (b)” is used to refer to bit “b” of a given Fj 


location, “dst(m-n)” is used to refer to bit location m to n of m ee : 


the destination. For example, 


HL(7) specifies bit 7 of the destination. 

and 

HL(23-16) specifies bit location 23 to 16 of the HL 
register. 


Flags. The F register contains the following flags followed 
by symbols. 


S Sign Flag 

Z Zero Flag 

H Half Carry Flag 

PV Parity/Overflow Flag 
N Add/Subtract Flag 
C Carry Flag 
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5.6 NOTATION AND BINARY ENCODING (Continued) 


Condition Codes. The following symbols describe the 
condition codes. 


Z Zero” 

NZ Not Zero” 

C Carry” 

NC No Carry” 

S Sign 

NS No Sign 

NV No Overflow 
V Overflow 


PE Parity Even 
PO Parity Odd 
P Positive 

M Minus 


“Abbreviated set 


Field Encoding. For opcode binary format in the Tables, 
use the following convention: 


For example, to get the opcode format on the instruction 
LD (IX+12h), C 


First, find out the entry for “LD (XY+d),R”. That entry has 
a opcode format of 


(yiti0l 01910 se. es as 


5.7 EXECUTION TIME 


Table 5-18 details the execution time for each instruction 
encoding. All execution times are for instruction execution 
only. Clock cycles required for fetch and decode are not 
included because most of the time the clocks required for 
these operations occur in parallel with execution of the 
previous instruction(s). 


r in the execution time column indicates a memory read 
operation. The time required for a read operation is shown 
in the Table 5-18 below. 


w in the execution time column indicates a memory write 


operation. The time required for a write operation is shown 
in the Table 5-18 below. 


5-18 


On the bottom of the each instruction, there are the field 
encodings, if applicable. For the cases which call out “per 
convention,” then use the following encoding: 


r Reg 
000 B 
001 C 
010 D 
Old? 25 
100 H 
101 L 
aa A 


To form the opcode, first, look for the “y” field value for IX 
register, which is 0. 


Then find “r” field value for the C register, which is 001. 
Replace “y” and “r” field with the value from the table, 
replace “d” value with the real number. The results being: 


76 543 210 HEX 
11.011 101 DD 
07 110 001 71 
00 010 010 21 


i in the execution time column indicates an I/O read 
operation. The time required for a read operation is shown 
in the Table 5-18 below. 


o in the execution time column indicates an 1/O write 
operation. The time required for a write operation is shown 
in the Table 5-18 below. 


All entries in the table below assume no wait states. The 
number of wait states per operation must be added to 
these numbers. 
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Table 5-18. Execution Time 


Operation Byte Word Word Long Long Long Long Long 
Sequence B Ww B/B W/W W/B/B BW/B-~=B/B/W ___ B/B/B/B 
Memory Read 3-4 3-4 5-6 5-6 7-8 7-8 7-8 9-10 
Memory Write 0-1 0-1 2-3 2-3 4-5 4-5 4-5 6-7 
Internal I/O Read 3-4 N/A N/A N/A N/A N/A N/A N/A 
Internal I/O Write 0-1 N/A N/A N/A N/A N/A N/A N/A 
1X External |/O Read 4-5 4-5 N/A N/A N/A N/A N/A N/A 
1X External I/O Write 1-2 {-2 N/A N/A N/A N/A N/A N/A 
2X External I/O Read 9-11 9-11 N/A N/A N/A N/A N/A N/A 
2X External |/O Write 1-3 1-3 N/A N/A N/A N/A N/A N/A 
4X External I/O Read 17-21 17-21 N/A N/A N/A N/A N/A N/A 
4X External |/O Write 1-5 1-5 N/A N/A N/A N/A N/A N/A 
6X External I/O Read 25-31 25-31 N/A N/A N/A N/A N/A N/A 
6X External I/O Write 1-7 1-7 N/A N/A N/A N/A N/A N/A 
8X External I/O Read 33-41 33-41 N/A N/A N/A N/A N/A N/A 
8X External I/O Write 1-9 1-9 N/A N/A N/A N/A N/A N/A 


Note: Units are in Clocks. “N/A” is not applicable for that particular transaction. 
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ADC 
ADD WITH CARRY (BYTE) 


ADC A,src src = R, RX, IM, IR, X 
Operation: A © A+tsce+C 
The source operand together with the Carry flag is added to the accumulator and the sum 


is stored in the accumulator. The contents of the source is unaffected. Two's complement 
addition is performed. 


Flags: S: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Set if there is a carry from bit 3 of the result; cleared otherwise 
V: Set if arithmetic overflow occurs, that is, if both operands cleared otherwise 
N: Cleared 
C: Set if there is a carry from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: ADC A,R 10001-r- 2 
RX: ADC A,RX 11y11101 10001 10w 2 
IM: ADC A,n 11001110 —n— 2 
IR: ADC A,(HL) 10001110 Q+r 
X: ADC A,(XY+q) 11y11101 10001 110—d— A+r 


Field Encodings: r: per convention 
y: O for IX, 1 for IY 
w: O for high byte, 1 for low byte 
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ADC 
ADD WITH CARRY (WORD) 


ADC HL,src dst = HL 
src = BC, DE, HL, SP 


Operation: HL(15-0) « WHL(15-0) + src(15-0) +C 


The source operand together with the Carry flag is added to the HL register and the sum is 
stored in the HL register. The contents of the source are unaffected. Two’s complement 
addition is performed. 

Flags: Set if the result is negative; cleared otherwise 

Set if the result is zero; cleared otherwise 

Set if there is a carry from bit 11 of the result; cleared otherwise 

Set if arithmetic overflow occurs, thatis, if both operands are of the same sign and the 

result is of the opposite sign; cleared otherwise 

Cleared 

Set if there is a carry from the most significant bit of the result; cleared otherwise 


Addressing Execute 
Mode Syntax instruction Format Time Note 
R: ADC HL,R 11101101 O1rri0710 2 


Field Encodings: __ rr: 00 for BC, 01 for DE, 10 for HL, 11 for SP 
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ADCW 
ADD WITH CARRY (WORD) 


ADCW [HL, ]src src = R, RX, IM, X 
Operation: HL(15-0) «© HL(15-0) + src(15-0) + C 
The source operand together with the Carry flag is added to the HL register and the sum is 


stored in the HL register. The contents of the source are unaffected. Two’s complement 
addition is performed. 


Flags: S: Set if the result is negative; cleared otherwise 
Z: Setif the result is zero; cleared otherwise 
H: Set if there is a carry from bit 11 of the result; cleared otherwise 
V:  Setif arithmetic overflow occurs, thatis, if both operands are of the same sign and the 
result is of the opposite sign; cleared otherwise 
N: Cleared 
C: Set if there is a carry from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: ADCW [HL,]R 11101101 10001 1rr 2 
RX: ADCW [HL,]RX 11y11101 10001111 2 
IM: ADCW [HL, ]nn 11101101 10001110 -n(low)- n(high)- 2 
X: ADCW [HL, ](XY+d) 11y11101 11001110 ——d— 4+r | 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 
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ADD 
ADD (BYTE) 


ADD A,src_ src = R, RX, IM, IR, X 
Operation: A «© A+src 


The source operand is added to the accumulator and the sum is stored in the accumulator. 
The contents of the source are unaffected. Two’s complement addition is performed. 


Flags: S: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Set if there is a carry from bit 3 of the result; cleared otherwise 
V:  Setif arithmetic overflow occurs, thatis, if both operands are of the same sign and the 
result is of the opposite sign; cleared otherwise 
N: Cleared 
C: Set if there is a carry from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: ADD A,R 10000-r- 2 
RX: ADD A,RX 11y11101 1000010w 2 
IM: ADD A,n 11000110 ——n— 2 
IR: ADD A,(HL) 10000110 Q+r 
X: ADD A,(XY+dq) 11y11101 10000110 ——d— A4+r 


Field Encodings: r: per convention 
y: Ofor IX, 1 for lY 
w: O for high byte, 1 for low byte 
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ADD 
ADD (WORD) 

ADD dst,src dst = HL; src = BC, DE, HL, SP, DA 

or 
dst = IX; src = BC, DE, IX, SP 
or 
dst = IY; src = BC, DE, IY, SP 

Operation: If (XM) then begin 

dst(31-0) < dst(31-0) + src(31-0) 

end 

else begin 

dst(15-0) < dst(15-0) + src(15-0) 

end 

The source operand is added to the destination and the sum is stored in the destination. The 

contents of the source are unaffected. Two’s complement addition is performed. Note that 

the length of the operand is controlled by the Extended/Native mode selection, which is 

consistent with the manipulation of an address by the instruction. 
Flags: S: Unaffected 

Z: Unaffected 

H: Set if there is a carry from bit 11 of the result; cleared otherwise 

V: Unaffected 

N: Cleared 

C: Set if there is a carry from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: ADD HL,R OOrr1001 2 X 
RX: ADD XY,R 11y11101 OOrr1001 2 X 
DA: ADD HL,(nn) 11101101 11000110 -n(low)- —n(high)- Q+r |X 


Sad 
a? 


Field Encodings: rr: OO for BC, 01 for DE, 10 for register to itself, 11 for SP 
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ADD 
ADD TO STACK POINTER (WORD) 


ADD SP,srcsrc = IM 


Operation: if (XM) then begin 
SP(31-0) © SP(31-0) + src(31-0) 
end 
else begin 
SP(15-0) «© SP(15-0) + src(15-0) 
end 


The source operand is added to the SP register and the sum is stored in the SP register. This 
has the effect of allocating or allocating space on the stack. Two’s complement addition is 
performed. 


Flags: S: Unaffected 

Unaffected 

Set if there is a carry from bit 11 of the result; cleared otherwise 

Unaffected 

Cleared 

Set if there is a carry from the most significant bit of the result; cleared otherwise 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
IM: ADD SP,nn 11101101 10000010 -n(low)- -n(high) 2 |X 
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ADDW 
ADD (WORD) 


ADDW [HL,]src src = R, RX, IM, X 


Operation: HL(15-0) «© HL(15-0) + src(15-0) 


The source operand is added to the HL register and the sum is stored in the HL register. The 
contents of the source are unaffected. Two’s complement addition is performed. 


Flags: S Set if the result is negative; cleared otherwise 

Z: Set if the result is zero; cleared otherwise 

H: Set if there is a carry from bit 11 of the result; cleared otherwise 

V:  Setif arithmetic overflow occurs, thatis, if both operands are of the same sign and the 

result is of the opposite sign; cleared otherwise 

N: Cleared 

C: Set if there is a carry from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: ADDW [HL,]R 11101101 10000%rr 2 
RX: ADDW [HL,]RX 11y11101 10000111 2 
IM: ADDW [HL,]nn 11101101 10000110 -n(low)- n(high)- 2 
X: ADDW [HL, ](XY+d) 11y11101 11000110 —d— 4+r 


Field Encodings: rr: 
y: 


5-26 


OO for BC, 01 for DE, 11 for HL 
O for IX, 1 for IY 


T™ 


. 2380 
nN) Pad | USER'S MANUAL 


AND 
AND (BYTE) 


AND [A,]src — src = R, RX, IM, IR, X 
Operation: A «© AAND src 


Alogical AND operation is performed between the corresponding bits of the source operand 
and the accumulator and the result is stored in the accumulator. A 1 is stored wherever the 
corresponding bits in the two operands are both 1s; otherwise a 0 is stored. The contents 
of the source are unaffected. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if all bits of the result are zero; cleared otherwise 
H: Set 
P: Set if the parity is even; cleared otherwise 
N: Cleared 
C: Cleared 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: AND [A,]R 10100-r- 2 
RX: AND [A,]RX 11y11101 1010010w 2 
IM: AND [A,]n 11100110 ——n— 2 
IR: AND [A,](HL) 10100110 Q+r 
X: AND [A, ](XY¥+d) 11y11101 10100110——d— A+r | 


Field Encodings: r: per convention 
y: O for IX, 1 for IY 
w: O for high byte, 1 for low byte 
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ANDW 
AND (WORD) 


ANDW [HL, ]src src = R, RX, IM, X 


Operation: HL(15-0) «< HL(15-0) AND src(15-0) 


A logical AND operation is performed between the corresponding bits of the source operand 
and the HL register and the result is stored in the HL register. A 1 is stored wherever the 
corresponding bits in the two operands are both 1s; otherwise a 0 is stored. The contents 


of the source are unaffected. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if all bits of the result are zero; cleared otherwise 
H: Set 
P: Set if the parity is even; cleared otherwise 
N: Cleared 
C: Cleared 
Addressing 
Mode Syntax Instruction Format 
R: ANDW [HL,]R 11101101 101001%rr 
RX: ANDW [HL,]RX 11y11101 10100111 
IM: ANDW [HL,]nn 11101101101001 10 n(low)- n(high)- 
X: ANDW [HL, ](XY+q) 14y11101 11100110 ——d— 


Field Encodings: rr: OO for BC, 071 for DE, 11 for HL 
y: OQ for IX, 1 for IY 
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BIT 
BIT TEST 


BIT b,dst dst =R, IR, X 
Operation: Z «€ NOT dst(b) 


The specified bit b within the destination operand is tested, and the Zero flag is set to 1 if 
the specified bit is 0, otherwise the Zero flag is cleared to 0. The contents of the destination 
are unaffected. The bit to be tested is specified by a 3-bit field in the instruction; this field 
contains the binary encoding for the bit number to be tested. The bit number b must be 
between 0 and 7. 


Flags: S: Unaffected 

Z:  Setif the specified bit is zero; cleared otherwise 

H: Set 

V: Unaffected 

N: Cleared 

C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: BIT b,R 11001011 O1bbb-r- 2 
IR: BIT b,(HL) 11001011 O1bbb110 Q+r 
X: BIT b,(XY+d) 11y11101 11001011 ——d— 01bbb110 A+r | 


Field Encodings: r: per convention 
y: Ofor IX, 1 for lY 
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BTEST 
BANK TEST 
BTEST 
Operation: S € SR(16) 
Z € SR(24) 
V «© SR(OQ) 
C € SR(8) 
The Alternate Register bits in the Select Register (SR) are transferred to the flags. This allows 
the program to determine the state of the machine. 
Flags: S: Set if the alternate bank IX is in use; cleared otherwise 
Z: Set if the alternate bank IY is in use; cleared otherwise 
H: Unaffected 
V: Set if the alternate bank AF is in use; cleared otherwise 
N: Unaffected 
C: Set if the alternate bank of BC, DE and HL is in use; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
BTEST 11101101 11001171 2 
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CALL 
CALL 


CALL [cc,]dst dst = DA 


Operation: if (cc is TRUE) then begin 
if (XM) then begin 


SP - SP - 4 
(SP) e PC(7-0) 
(SP+1) e PC(15-8) 
(SP+2) - PC(23-16) 
(SP+3) - PC(31-24) 
PC(31-0) e dst(31-0) 
else begin 
SP _ SP -2 
(SP) — PC(7-0) 
(SP+1) e PC(15-8) 
PC(15-0) e dst(15-0) 
end 


A conditional Call transfers program control to the destination address if the setting of a 
selected flag satisfies the condition code “cc” specified in the instruction; an Unconditional 
Call always transfers control to the destination address. The current contents of the Program 
Counter (PC) are pushed onto the top of the stack; the PC value used is the address of the 
first instruction byte following the Call instruction. The destination address is then loaded 
into the PC and points to the first instruction of the called procedure. At the end of a 
procedure a Return instruction (RET) can be used to return to the original program. 


Each of the Zero, Carry, Sign, and Overflow Flags can be individually tested and a call 
performed conditionally on the setting of the flag. 


The operand is not enclosed in parentheses with the CALL instruction. 


Flags: S: | Unaffected 

LZ: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
DA: CALL CC,addr 11-cc100 -a(low)- -a(high) note I, X 

CALL addr 11001101 -a(low)- -a(high) 4+w I, X 
Field Encodings: cc: 000 for NZ, 001 for Z, 010 for NC, 011 for C, 

100 for PO or NV, 101 for PE or V, 110 for Por NS, 111 for Mors 

Note: 2 if CC is false, 4+w if CC is true 
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CALR 
CALL RELATIVE 
CALR [cc, ]dst dst = RA 
Operation: if (cc is true) then begin 
dst _ SIGN EXTEND dst 
if (XM) then begin 
SP on SP - 4 
(SP) e PC(7-0) 
(SP+1) oa PC(15-8) 
(SP+2) _ PC(23-16) 
(SP+3) ce PC(31-24) 
PC(31-0) - PC(31-0) + dst(31-0) 
end 
else begin 
SP e SP -2 
(SP) _ PC(7-0) 
(SP+1) e PC(15-8) 
PC(15-0) - PC(15-0) + dst(15-0) 
end 
end 
A conditional Call transfers program control to the destination address if the setting of a 
selected flag satisfies the condition code “cc” specified in the instruction; an unconditional 
call always transfers control to the destination address. The current contents of the Program 
Counter (PC) are pushed onto the top of the stack; the PC value used is the address of the 
first instruction byte following the Call instruction. The destination address is then loaded into 
the PC and points to the first instruction of the called procedure. At the end of a procedure 
a RETurn instruction is used to return to the original program. These instructions employ 
either an 8-bit, 16-bit, or 24-bit signed, two’s complement displacement from the PC to 
permit calls within the range of -126 to +129 bytes, -32,765 to +32,770 bytes or -8,388,604 
to +8,388,611 bytes from the location of this instruction. 
Each of the Zero, Carry, Sign, and Overflow flags can be individually tested and a call 
performed conditionally on the setting of the flag. 
Flags: S: | Unaffected 
Ze Unaffected 
H: Unaffected 
NV: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
RA: CALR CC,addr 11101101 11-cc100 —disp— note X 
CALR addr 11101101 11001101 —disp— 4+w X 
CALR CC,addr 11011101 11-cc100 -d(low)- -d(high) note X 
CALR addr 11011101 11001101 -d(low)- -d(high) 4+w x 
CALR CC,addr 11111101 171-cc100 -d(low)- -d(mid)- -d(high) note X 
CALR addr 11111101 11001101 -d(low)- -d(mid) -d(high) 4+w X 


Field Encodings: cc: 000 for NZ, 001 for Z, 010 for NC, 011 for C, 100 for PO or NV, 101 for PE or V, 


110 for P or NS, 111 for Mors 


Note: 2 if CC is false, 4+w if CC is true 
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CCF 
COMPLEMENT CARRY FLAG 
CCF 
Operation: C € NOTC 
The Carry flag is inverted. 
Flags: S: Unaffected 
° Zi Unaffected 
H: The previous state of the Carry flag 
V: Unaffected 
N: Cleared 
C: Set if the Carry flag was clear before the operation; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
CCF 00111111 2 
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CP 
COMPARE (BYTE) 
CP [A,]src src = R, RX, IM, IR, X 
Operation: A- src 
The source operand is compared with the accumulator and the flags are set accordingly. 
The contents of the accumulator and the source are unaffected. Two's complement 
subtraction is performed. 
Flags: S: Set if the result is negative; cleared otherwise 
Z:  Setif the result is zero; cleared otherwise 
H: Set if there is a borrow from bit 4 of the result; cleared otherwise 
V:  Setif arithmetic overflow occurs, that is, if the operands are of different signs and the 
result is of the same sign as the source; cleared otherwise 
N: Set 
C: Set if there is a borrow from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: CP [A,]R 10111-r- 2 
RX: CP [A,]RX 11y11101 1011110w 2 
IM: CP [A,]n 11111110 ——n— 2 
IR: CP [A,](HL) 10111110 a+r 
x: CP [A,](XY+d) 41y11101 10111110 ——d— A+r | 


Field Encodings: r: per convention 
y: O for IX, 1 for IY 
w: O for high byte, 1 for low byte 
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CPW 
COMPARE (WORD) 
CPW [HL,]src src = R, RX, IM, X 
Operation: HL(15-0) — src(15-0) 
The source operand is compared with the HL register and the flags are set accordingly. The 
contents of the HL register and the source are unaffected. Two’s complement subtraction 
is performed. 
Flags: S: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Set if there is a borrow from bit 12 of the result; cleared otherwise 
V:  Setif arithmetic overflow occurs, that is, if the operands are of different signs and the 
result is of the same sign as the source; cleared otherwise 
N: Set 
C: Set if there is a borrow from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: CPW [HL,]R 11101101 10114 14rr 2 
RX: CPW [HL,]RX 11y11101 101111711 2 
IM: CPW [HL,]nn 11101101 10111110 -n(low)- n(high)- 2 
X: CPW [HL,](XY+d) 11y11101 11111110 ——d— 4+r 
Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 


y: O for IX, 1 for IY 
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COMPARE AND DECREMENT (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 
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CPD 


A - (HL) 
if (XM) then begin 
HL(381-0) <— HL(31-0) - 1 


end 

else begin 
HL(15-0)  «< HL(15-0) - 1 
end 

BC(15-0) - BC(15-0) - 1 


This instruction is used for searching strings of byte data. The byte of data at the location 
addressed by the HL register is compared with the contents of the accumulator and the Sign 
and Zero flags are set to reflect the result of the comparison. The contents of the accumulator 
and the memory bytes are unaffected. Two's complement subtraction is performed. Next 
the HL register is decremented by one, thus moving the pointer to the previous element in 
the string. The BC register, used as a counter, is then decremented by one. 


S: Set if the result is negative; cleared otherwise 
Z:  Setiftheresultis zero, indicating that the contents of the accumulator and the memory 
byte are equal; cleared otherwise 
H: Set if there is a borrow from bit 4 of the result; cleared otherwise 
V: Set if the result of decrementing BC is not equal to zero; cleared otherwise 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
CPD 11101107 10101001 3+r X 
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Operation: 


Flags: 


Addressing 
Mode 


CPDR 


COMPARE, DECREMENT AND REPEAT (BYTE) 


CPDR 


Repeat until (BC=0 OR match) begin 
A - (HL) 
if (XM) then begin 
HL(31-0) a HL(31-0) - 1 
end 
else begin 
HL(15-0) - HL(15-0) - 1 
end 
BC(15-0) - BC(15-0) - 1 
end 


This instruction is used for searching strings of byte data. The bytes of data starting at the 
location addressed by the HL register are compared with the contents of the accumulator 
until either an exact match is found or the string length is exhausted becuase the BC register 
has decremented to zero. The Sign and Zero flags are set to reflect the result of the 
comparison. The contents of the accumulator and the memory bytes are unaffected.Two's 
complement subtraction is performed. 


After each comparison, the HL register is decremented by one, thus moving the pointer to 
the previous element in the string. 


The BC register, used as acounter, is then decremented by one. If the result of decrementing 
the BC register is not zero and no match has been found, the process is repeated. If the 
contents of the BC register are zero at the start of this instruction, a string length of 65,536 
is indicated. 


This instruction can be interrupted after each execution of the basic operation. The PC value 
at the start of this instruction is pushed onto the stack so that the instruction can be resumed. 


S: Set if the last result is negative; cleared otherwise 
Z: Set if the last result is zero, indicating a match; cleared otherwise 
H: Set if there is a borrow from bit 4 of the last result; cleared otherwise 
V: Set if the result of decrementing BC is not equal to zero; cleared otherwise 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
CPDR 11101101 10111001 (3+r)n X 
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CPI 


COMPARE AND INCREMENT (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 
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CPI 


A - (HL) 
if (XM) then begin 
HL(31-0) <— HL(31-0) + 1 


end 

else begin 
HL(15-0)  <— HL(15-0) + 1 
end 

BC(15-0) - BC(15-0) - 1 


This instruction is used for searching strings of byte data. The byte of data at the location 
addressed by the HL register is compared with the contents of the accumulator and the Sign 
and Zero flags are set to reflect the result of the comparison. The contents of the accumulator 
and the memory bytes are unaffected. Two’s complement subtraction is performed. Next the 
HL register is incremented by one, thus moving the pointer to the next element in the string. 
The BC register, used as a counter, is then decremented by one. 


9S: Set if the result is negative; cleared otherwise 

Z: Set if the result is zero, indicating that the contents of the accumulator and the memory 
byte are equal: cleared otherwise 

H: Set if there is a borrow from bit 4 of the result; cleared otherwise 

V: Set if the result of decrementing BC is not equal to zero; cleared otherwise 

N: Set 

C: Unaffected 


Execute 
Syntax Instruction Format Time Note 
CPI 111011071 10100001 S+r X 
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CPIR 
COMPARE, INCREMENT AND REPEAT (BYTE) 
CPIR 
Operation: Repeat until (BC=0 OR match) begin 
A - (HL) 
if (XM) then begin 
HL(31-0) _ HL(31-0) + 1 
end 
else begin 
HL(15-0) _ HL(15-0) + 1 
end 
BC(15-0) é BO(15-0) - 1 
end 
This instruction is used for searching strings of byte data. The bytes of data starting at the 
location addressed by the HL register are compared with the contents of the accumulator 
until either an exact match Is found or the string length is exhausted becuase the BC register 
has decremented to zero. The Sign and Zero flags are set to reflect the result of the 
comparison. The contents of the accumulator and the memory bytes are unaffected. 
Two's complement subtraction is performed. 
After each comparison, the HL register is incremented by one, thus moving the pointer to 
the next element in the string. The BC register, used as a counter, is then decremented by 
one. If the result of decrementing the BC register is not zero and no match has been found, 
the process is repeated. If the contents of the BC register are zero at the start of this 
instruction, a string length of 65,536 is indicated. 
This instruction can be interrupted after each execution of the basic operation. The PC value 
at the start of this instruction is pushed onto the stack so that the instruction can be resumed. 
Flags: S: Set if the last result is negative; cleared otherwise 
Z: Set if the last result is zero, indicating a match; cleared otherwise 
H: Set if there is a borrow from bit 4 of the last result; cleared otherwise 
V: Set if the result of decrementing BC is not equal to zero; cleared otherwise 
N: Set 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
CPIR 11101101 10110001 (3+r)n X 
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CPL 
COMPLEMENT ACCUMULATOR 


CPL [A] 
Operation: A «© NOTA 


The contents of the accumulator are complemented (one's complement); all 1s are changed 
to O and vice-versa. 


Flags: S: | Unaffected 
Z: Unaffected 
H: Set 
V: Unaffected 
N: Set 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
CPL [A] 00101111 2 
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CPLW 
COMPLEMENT HL REGISTER (WORD) 


CPLW [HL] 
Operation: HL(15-0) «< NOT HL(15-0) 


The contents of the HL register are complemented (ones complement); all 1s are changed 
to O and vice-versa. 


Flags: S: Unaffected 
Z: Unaffected 
H: Set 
V: Unaffected 
N: Set 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
CPLW [HL] 11011101 00101111 2 
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DAA 
DECIMAL ADJUST ACCUMULATOR 


DAA 
Operation: A € Decimal Adjust A 
The accumulator is adjusted to form two 4-bit BCD digits following a binary, two’s 


complement addition or subtraction on two BCD-encoded bytes. The table below indicates 
the operation performed for addition (ADD, ADC, INC) or subtraction (SUB, SBC, DEC, 


NEG). 
Cc Hex Value H Hex Value Number Cc H 
Before Upper Digit Before Lower Digit Added After After 
Operation DAA (Bits 7-4) DAA (Bits 3-0) to Byte DAA DAA 
0 0-9 0 0-9 00 0 0 
0 0-8 0 A-F 06 0 1 
ADD 0 0-9 | 0-3 06 0 0 
ADC 0 A-F 0 0-9 60 1 0 
INC 0 9-F 0 A-F 66 1 | 
(N=0) 0 A-F 1 0-3 66 1 0 
1 0-2 0 0-9 60 | 0 
1 0-2 0 A-F 66 1 1 
1 0-3 1 0-3 66 1 0 
SUB 
SBC 0 0-9 0 0-9 00 0 0 
DEC 0 0-8 1 6-F FA 0 1 
NEG 1 7-F 0 0-9 AO 1 0 
(N=1) 1 6-F 1 6-F 9A 1 1 
Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: See table above 
P: Set if the parity of the result is even; cleared otherwise 
N: Not affected 
C: See table above 
Addressing Execute 
Mode Syntax Instruction Format Time Note 


DAA 00100111 3 
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DECODER DIRECTIVE 
DDIR mode mode = W or LW, IB or |W 
Operation: None, decoder directive only 
This is not an instruction, but rather a directive to the instruction decoder. 
The instruction decoder may be directed to fetch an additional byte or word of immediate 
data or address with the instruction, as well as tagging the instruction for execution in either 
Word or Long Word mode. All eight combinations of the two options are supported, as shown 
in the encoding below. Instructions which do not support decoder directives are assembled 
by the instruction decoder as if the decoder directive were not present. 
The IB decoder directive causes the decoder to fetch an additional byte immediately after 
the existing immediate data or direct address, and in front of any trailing opcode bytes (with 
instructions starting with DD-CB or FD-CB, for example). 
Likewise, the IW decoder directive causes the decoder to fetch an additional word 
immediately after the existing immediate data or direct address, and in front of any trailing 
opcode bytes. 
Byte ordering within the instruction follows the usual convention; least significant byte first, 
followed by more significant bytes. More-significant immediate data or direct address bytes 
not specified in the instruction are taken as all zeros by the processor. 
The W decoder directive causes the instruction decoder to tag the instruction for execution 
in Word mode. This is useful while the Long Word (LW) bit in the Select Register (SR) is set, 
but 16-bit data manipulation is required for this instruction. 
The LW decoder directive causes the instruction decoder to tag the instruction for execution 
in Long Word mode. This is useful while the LW bit in the SR is cleared, but 32-bit data 
manipulation is required for this instruction. 
Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
DDIR mode 11w11101 110000im 0 
Field Encodings: wim: 000 W + Word mode 
001 IB,W Immediate byte, Word mode 
010 IW,W Immediate word, Word mode 
O11 IB Immediate byte 
100 LW Long Word mode 


101 IB,LW Immediate byte, Long Word mode 
110 IW,LW Immediate word, Long Word mode 
111 IW Immediate word 
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DEC 
DECREMENT (BYTE) 


DEC dst dst=R, RX, IR, X 
Operation: dst < dst-1 


The destination operand is decremented by one and the result is stored in the destination. 
Two’s complement subtraction is performed. 


Flags: S: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Set if there is a borrow from bit 4 of the result; cleared otherwise 
V: Set if arithmetic overflow occurs, that is, if the destination was 80H; cleared otherwise 
N: Set 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: DEC R Q0-r-101 note 
RX: DEC RX 11y11101 0010w101 2 
IR: DEC (HL) 00110101 2+r+W 
x: DEC (XY+d) = 11y11101 00110101 ——d— 4+r+w 


Field Encodings: r: per convention 
y: Ofor IX, 1 for IY 
w: O for high byte, 7 for low byte 


Note: 2 for accumulator, 3 for any other register 
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DEC[W] 
DECREMENT (WORD) 


DEC[W] dstdst = R, RX 


Operation: _ if (XM) then begin 
dst(31-0) <— dst(31-0) - 1 
end 
else begin 
dst(15-0)  < dst(15-0) - 1 
end 


The destination operand is decremented by one and the result is stored in the destination. 
Two’s complement subtraction is performed. Note that the length of the operand is 
controlled by the Extended/Native mode selection, which is consistent with the manipulation 
of an address by the instruction. 


Flags: S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: DEC[W] R OOrr1011 2 X 
RX: DEC[W] RX 117y11101 00101011 2 X 


Field Encodings: rr: OO for BC, 01 for DE, 10 for HL, 11 for SP 
y: O for IX, 1 for lY 
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DI 
DISABLE INTERRUPTS 
DI [n] 
Operation: if (n is present) then begin 
for i=1 to 4 begin 
if (n(i) = 1) then begin 
IER(i-1) - 0 
end 
end 
if (n(O) = 1) then begin 
SR(5) - 0 
end 
end 
else begin 
SR(5) <- O 
end 
lfan argumentis present, disable the selected interrupts by clearing the appropriate enable 
bits in the Interrupt Enable Register, and then clear the Interrupt Enable Flag (IEF1) in the 
Select Register (SR) if the least-significant bit of the argument is set, disabling maskable 
interrupts. Bits 7-5 of the argument are ignored. 
If no argument is present, IEF1 in the SR is set to O, disabling maskable interrupts. 
Note that during execution of this instruction the maskable interrupts are not sampled. 
Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
DI 11110011 2 
DI n 11011101 11110011 —n—— 2 
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Operation: 


Flags: 


Addressing 
Mode 

R: 

RX: 

IM: 

X: 


DIVUW 


DIVIDE UNSIGNED (WORD) 


DIVUW [HL,]src src = R, RX, IM, X 


HL(15-0) « HL/src 
HL(31-16) «< remainder 


The contents of the the HL register (dividend) are divided by the source operand (divisor) 
and the quotient is stored in the lower word of the HL register; the remainder is stored in the 
upper word of the HL register. The contents of the source are unaffected. Both operands are 
treated as unsigned, binary integers. There are three possible outcomes of the DIVUW 
instruction, depending on the division and the resulting quotient: 


Case 1: If the quotient is less than 65536, then the quotient is left in the HL register, the 
Overflow and Sign flags are cleared to 0, and the Zero flag is set according to the value of 
the quotient. 


Case 2: If the divisor is zero, the HL register is unchanged, the Zero and Overflow flags are 
set to 1, and the Sign flag is cleared to 0. 


Case 3: If the quotient is greater than or equal to 65536, the HL register is unchanged, the 
Overflow flag is set to 1, and the Sign and Zero flags are cleared to O. 


S: Cleared 
Z: Set if the quotient or divisor is zero; cleared otherwise 
H: Unaffected 
V: Set if the divisor is zero or if the computed quotient is greater than or equal to 65536; 
cleared otherwise 

N: Unaffected 
C: Unaffected 

Execute 
Syntax Instruction Format Time 
DIVUW [HL,]R 11101101 110010114 101110rr 20 
DIVUW [HL,]RX 11101101 11001011 1011110y 20 
DIVUW [HL, ]nn 11101101 11001011 10111111 -n(low)- -n(high) 20 
DIVUW [HL, ](XY¥+d) 11y11101 11001011 ——d— 10111010 22+ 


Field Encodings: rr: 00 for BC, 01 for DE, 11 for HL 


y: Ofor IX, 1 for lY 


Note 
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DECREMENT AND JUMP IF NON-ZERO 


Operation: 


Flags: 


Addressing 
Mode 
RA: 


Note: 
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DJNZ dst dst = RA 


B — B-1 
If (B <> 0) then begin 
dst ae SIGN EXTEND dst 
if (XM) then begin 
PC(31-0) e PC(31-0) + dst(31-0) 
end 
else begin 
PC(15-0) eH PC(15-0) + dst(15-0) 
end 
end 


The B register is decremented by one. If the result is non-zero, then the destination address 
is calculated and then loaded into the Program Counter (PC). Control then passes to the 
instruction whose address is pointed to by the PC. When the B register reaches zero, control 
falls through to the instruction following DJNZ. This instruction provides a simple method of 
loop control. 


The destination address is calculated using Relative addressing. The displacement in the 
instruction is added to the PC; the PC value used is the address of the instruction following 
the DJNZ instruction. 


These instructions employ either an 8-bit, 16-bit, or 24-bit signed, two’s complement 
displacement from the PC to permit jumps within a range of -126 to +129 bytes, -32,765 to 
+32,770 bytes, or -8,388,604 to +8,388,611 bytes from the location of this instruction. 


S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 

Execute 

Syntax Instruction Format Time Note 
DJNZ addr 00010000 —disp— note X 
DJNZ addr 11011101 00010000 -d(low)- -d(high) note X 
DJNZ addr 111111071 00010000 -d(low)- -d(mid)- -d(high) note x 


3 if branch not taken, 4 if branch taken 
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El 
ENABLE INTERRUPTS 


El [n] 


Operation: if (n is present) then begin 
for i=1 to 4 begin 
if (n(i) = 1) then begin 
IER(i-1) e 1 


end 
end 
if (n(O) = 1) then begin 
SR(5) _ 1 
end 
end 
else begin 
SR(5) — 1 
end 


If an argument is present, enable the selected interrupts by setting the appropriate enable 
bits in the Interrupt Enable Register, and then set the Interrupt Enable Flag (IEF1) in the 
Select Register (SR) if the least-significant bit of the argument is set, enabling maskable 
interrupts. Bits 7-5 of the argument are ignored. 


If no argument is present, IEF1 in the SR is set to 1, enabling maskable interrupts. 


Note that during the execution of this instruction and the following instruction, maskable 
interrupts are not sampled. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
El 11111011 2 
El n 11011101 11111011 —n—— 2 
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EX 
EXCHANGE ACCUMULATOR/FLAG WITH ALTERNATE BANK 


EX AF,AF’ 


Operation: SR(O) <— NOT SR(O) 


Bit O of the Select Register (SR), which controls the selection of primary or alternate bank 
for the accumulator and flag register, is complemented, thus effectively exchanging the 
accumulator and flag registers between the two banks. 


Flags: S Value in F’ 
Z Value in F’ 
H: Value in F’ 
V: Value in F’ 
N: — Value in F’ 
C Value in F’ 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
EX AF,AF’ 00001000 3 


5-50 


™ 


23 
A) Pd | USER'S MANUAL 


EX 
EXCHANGE ADDRESSING REGISTER WITH TOP OF STACK 


EX (SP), dst dst = HL, IX, lY 


Operation: if (LW) then begin 
(SP+3) = dst(31-24) 
(SP+2) — dst(23-16) 
end 
(SP+1) ~ dst(15-8) 
(SP) © dst(7-0) 


The contents of the destination register are exchanged with the top of the stack. In Long 
Word mode this exchange is two words; otherwise it is one word. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Flags: 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: EX (SP),HL 11100011 3+r+W L 

EX (SP),XY 11y11101 11100011 3+r+w L 


Field Encodings: §y: 0 for IX, 1 for lY 
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EX 
EXCHANGE REGISTER (WORD) 


EX dst,src dst = R, RX 
src = R, RX 


Operation: if (LW) then begin 
dst(31-0) <« src(31-0) 
end 
else begin 
dst(15-0) «= src(15-0) 
end 


The contents of the destination are exchanged with the contents of the source. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Flags: 


Addressing ; Execute 

Mode Syntax Instruction Format Time 

R: EX BC,DE 11101101 00000101 
EX BC,HL 11101101 00001101 
EX DE,HL 11101011 

RX: EX R,RX 11101101 OOrryO11 

EX IX,lY 111011071 00101011 


OwWWW Ww 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 
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EX 
EXCHANGE REGISTER WITH ALTERNATE REGISTER (BYTE) 


EX dst,src src =R 
Operation: dst © src 
The contents of the destination are exchanged with the contents of the source, where the 


destination is a register in the primary bank and the source is the corresponding register in 
the alternate bank 


Flags: =F Unaffected 
Ze Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: EX R,R’ 11001011 00110-r- 3 


Field Encoding: 1: per convention 
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EXCHANGE REGISTER WITH ALTERNATE REGISTER (WORD) 


Operation: 


Flags: 


Addressing 
Mode 

R: 
RX: 


EX dst,src src = R, RX 


if (LW) then begin 
dst(31-0) © src(31-0) 
end 

else begin 
dst(15-0) << src(15-0) 
end 


The contents of the destination are exchanged with the contents of the source, where the 
destination is a word register in the primary bank and the source is the corresponding word 
register in the alternate bank. 


°: Unaffected 

Ze Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 

Execute - 

Syntax Instruction Format Time Note 
EX R,R’ 11101101 11001011 001 100rr 3 L 

EX RX,RX’ 11101101 11001011 0011010y 3 L 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
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EX 
EXCHANGE WITH ACCUMULATOR 


EX A,src src =R, IR 
Operation: dst — src 


The contents of the accumulator are exchanged with the contents of the source. 


Flags: Ss: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: EX A,R 11101101 O0-r-111 3 
IR: EX A,(HL) 11101101 00110111 3+r+w 


Field Encodings: r: per convention 
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EXALL 


EXCHANGE ALL REGISTERS WITH ALTERNATE BANK 


Operation: 


Flags: 


Addressing 
Mode 
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EXALL 


SR(24) — NOT SR(24) 
SR(16) — NOT SR(16) 
SR(8) < NOT SR(8) 


Bits 8, 16, and 24 of the Select Register (SR), which control the selection of primary or 
alternate bank for the BC, DE, HL, IX, and lY registers, are complemented, thus effectively 
exchanging the BC, DE, HL, IX, and IY registers between the two banks. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
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Execute 
Syntax Instruction Format Time Note 
EXALL 11101101 11011001 3 
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EXTS 
EXTEND SIGN (BYTE) 
EXTS [A] 
Operation: L < A 
if (A(7)=0) then begin 
H “  OOh 


if (LW) then begin 
HL(31-16) e O000h 
end 

end 

else begin 

H ”“  FFh 

if (LW) then begin 
HL(31-16) e FFFFh 
end 

end 


The contents of the accumulator, considered as a signed, two's complement integer, are 
sign-extended to 16 bits and the result is stored in the HL register. The contents of the 
accumulator are unaffected. This instruction is useful for conversion of short signed 
operands into longer signed operands. 


Flags: S: | Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax instruction Format Time Note 
EXTS [A] 11101101 01100101 3 L 
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EXTEND SIGN (WORD) 


Operation: 


Flags: 


Addressing 
Mode 
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EXTSW [HL] 


If (HL(15)=0) then begin 
HL(31-16) <— OO000h 
end 

else begin 
HL(31-16) <— FFFFh 
end 


The contents of the low word of the HL register, considered as a signed, two's complement 
integer, are sign-extended to 32 bits in the HL register. This instruction is useful for 
conversion of 16-bit signed operands into 32-bit signed operands. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Execute 
Syntax Instruction Format Time Note 
EXTSW [HL] 11101101 01110101 3 
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EXX 
EXCHANGE REGISTERS WITH ALTERNATE BANK 


EXX 
Operation: SR(8) <— NOT SR(8) 
Bit 8 of the Select Register (SR), which controls the selection of primary or alternate bank 


for the BC, DE, and HL registers, is complemented, thus effectively exchanging the BC, DE, 
and HL registers between the two banks. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
EXX 11011001 3 
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EXXX 
EXCHANGE IX REGISTER WITH ALTERNATE BANK 
EXXX 
Operation: SR(16) <— NOT SR(16) 


Bit 16 of the Select Register (SR), which controls the selection of primary or alternate bank 
for the IX register, is complemented, thus effectively exchanging the IX register between the 


two banks. 
Flags: S: . Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
EXXX 11011101 11011001 3 
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EXXY 
EXCHANGE IY REGISTER WITH ALTERNATE BANK 


EXXY 
Operation: SR(24) <— NOT SR(24) 


Bit 24 of the Select Register (SR), which controls the selection of primary or alternate bank 
for the lY register, is complemented, thus effectively exchanging the lY register between the 


two banks. 
Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
EXXY 11111101 11011001 3 
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HALT 
HALT 


Operation: 


Flags: 


Addressing 
Mode 
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HALT 
CPU Halts 


The CPU operation is suspended until either an interrupt request or reset request is 
received. This instruction is used to synchronize the CPU with external events, preserving 
its state until an interrupt or reset request is accepted. After an interrupt is serviced, the 
instruction following HALT is executed. While the CPU is halted, memory refresh cycles still 
occur, and bus requests are honored. When this instruction is executed the signal /HALT 
is asserted and remains asserted until an interrupt or reset request is accepted. 


S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 

Execute 

Syntax instruction Format Time Note 
HALT 01110110 2 
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IM 
INTERRUPT MODE SELECT 


IM p p= 0, a 2 3 
Operation: SR(4-3) <— p 
The interrupt mode of operation is set to one of four modes. (See Chapter 6 for a description 


of the various modes for responding to interrupts). The current interrupt mode can be read 
from the Select Register (SR). 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
IM p 11101101 010pp110 4 


Field Encodings: pp: 00 for Mode 0, 01 for Mode 3, 10 for Mode 1, 11 for Mode 2 
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IN 
INPUT (BYTE) 
IN dst,(C) dst = R 
Operation: dst << (C) 
The byte of data from the selected peripheral is loaded into the destination register. During 
the I/O transaction, the contents of the 32-bit BC register are placed on the address bus. 
Flags: S: Set if the input data is negative; cleared otherwise 
Z: - Set if the input data is zero; cleared otherwise 
H: Cleared 
P: Set if the input data has even parity; cleared otherwise 
N: Cleared 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: IN R,(C) 11101101 01-r-000 2+ 


Field Encodings: r: per convention 
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INW 
INPUT (WORD) 


INW dst,(C) dst=R 
Operation: dst(15-0) < (C) 


The word of data from the selected peripheral is loaded into the destination register. During 
the I/O transaction, the contents of the 32-bit BC register are placed on the address bus. 


Flags: 9: Set if the input data is negative; cleared otherwise 
Z: Set if the input data is zero; cleared otherwise 
H: Cleared 
P: Set if the input data has even parity; cleared otherwise 
N: Cleared 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: INW R,(C) 11011101 O1rrrO00 2+i 


Field Encodings: rrr: O00 for BC, 010 for DE, 111 for HL 
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INPUT ACCUMULATOR 


Operation: 


Flags: 


Addressing 
Mode 
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IN A,(n) 
A € (n) 


The byte of data from the selected peripheral is loaded into the accumulator. During the 
/O transaction, the 8-bit peripheral address from the instruction is placed on the low byte 
of the address bus, the contents of the accumulator are placed on address lines A15-A8, 
and the high-order address lines are all zeros. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Execute 
Syntax Instruction Format Time Note 
IN A,(n) 11017011 ——n— 3+) 
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INO 
INPUT (FROM PAGE 0) 


INO dst,(n) dst =R 
Operation: dst <— (n) 


The byte of data from the selected on-chip peripheral is loaded into the destination register. 
No external 1/O transaction will be generated as a result of this instruction, although the 

I/O address will appear on the address bus while this internal read is occurring. The 
peripheral address is placed on the low byte of the address bus and zeros are placed on 
all other address lines. When the second opcode byte is 30h no data is stored in a 
destination; only the flags are updated. 


Flags: S: Set if the input data is negative; cleared otherwise 
Z: Set if the input data is zero; cleared otherwise 
H: Cleared 
P: Set if the input data has even parity; cleared otherwise 
N: Cleared 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: INO R,(n) 11101101 00 -r- 000 ——n— 3+i 
none: INO (n 11101107 007110000 ——n— 3+ 


Field Encodings: r: per convention 
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INPUT DIRECT FROM PORT ADDRESS (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 


5-68 


INA A,(nn) 
A € (nn) 


The byte of data from the selected peripheral is loaded into the accumulator. During the 
I/O transaction, the peripheral address from the instruction is placed on the address bus. 
Any bytes of address not specified in the instruction are driven on the address lines as all 
zeros. 


S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 

Execute 

Syntax Instruction Format Time Note 
INA A,(nn) 11101101 11011011 -n(low)- -n(high) Sti | 
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INAW 
INPUT DIRECT FROM PORT ADDRESS (WORD) 


INAW HL,(nn) 
Operation: HL(15-0) << (nn) 
The word of data from the selected peripheral is loaded into the HL register. During the 


I/O transaction, the peripheral address from the instruction is placed on the address bus. 
Any bytes of address not specified in the instruction are driven on the address lines as all 


zeros. 
Flags: S: Unaffected 
ZB: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
INAW HL,(nn) 11111101 11011011 -n(low)- -n(high) B+i | 
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INC 
INCREMENT (BYTE) 
INC dst dst = R, RX, IR, X 
Operation: dst << dst+1 
The destination operand is incremented by one and the sum is stored in the destination. 
Two's complement addition is performed. 
Flags: S: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise ; 
H: Set if there is a carry from bit 3 of the result; cleared otherwise 
V:  Setif arithmetic overflow occurs, that is, if the destination was 7FH; cleared otherwise 
N: Cleared 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: INC R OO-r-100 note 
RX: INC RX 11y11101 0010w100 2 
IR: INC (HL) 00110100 Q+r+W 
X: INC (XY+d) 11y11101 00110100 ——d— 4+r+w | 


Field Encodings: r: per convention 
y: O for IX, 1 for lY 
w: O for high byte, 1 for low byte 


Note: 2 for accumulator, 3 for any other register 
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INC[W] 
INCREMENT (WORD) 


INC[W] dst dst = R, RX 


Operation: if (XM) then begin 


dst(31-0) < dst(31-0) + 1 
end 

else begin 
dst(15-0) «<— dst(15-0) + 1 
end 


The destination operand is incremented by one and the sum is stored in the destination. 
Two's complement addition is performed. Note that the length of the operand is controlled 
by the Extended/Native mode selection, which is consistent with the manipulation of an 
address by the instruction. 


Flags: 3: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: INC[W] R OOrr001 1 2 X 
RX: INC[W] RX 11y11101 00100011 2 X 


Field Encodings: rr: OO for BC, 01 for DE, 10 for HL, 11 for SP 
y: O for IX, 1 for lY 
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INPUT AND DECREMENT (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 


IND 

(HL) ¢ (C) 
B «— B-1 
HL < HL-1 


This instruction is used for block input of strings of data. During the |/O transaction the 32- 
bit BC register is placed on the address bus. Note that the B register contains the loop count 
for this instruction so that A15-A8 are not useable as part of a fixed port address. 


First the byte of data from the selected peripheral is loaded into the memory location 
addressed by the HL register. Then the B register, used as a counter, is decremented by 
one. The HL register is then decremented by one, thus moving the pointer to the next 
destination for the input. 


S: Unaffected 
Z: Set if the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
IND 11101101 10101010 2+i+W 
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INDW 
INPUT AND DECREMENT (WORD) 
INDW 
Operation: (HL) < (DE) 
BC(15-0) < BC(15-0)-1 
HL < HL-2 


Flags: 


Addressing 
Mode 


This instruction is used for block input of strings of data. During the I/O transaction the 32- 
bit DE register is placed on the address bus. 


First the word of data from the selected peripheral is loaded into the memory location 
addressed by the HL register. Then the BC register, used as a counter, is decremented by 
one. The HL register is then decremented by two, thus moving the pointer to the next 
destination for the input. 


S: | Unaffected 
Z: — Set if the result of decrementing BC is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
INDW 11101101 11101010 2+i+w 
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INDR 


INPUT, DECREMENT AND REPEAT (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 
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INDR 

repeat until (B=0) begin 
(HL) << (C) 
B «- B-1 
HL < HL-1 
end 


This instruction is used for block input of strings of data. The string of input data from the 
selected peripheral is loaded into memory at consecutive addresses, starting with the 
location addressed by the HL register and decreasing. During the I/O transaction the 
32-bit BC register is placed on the address bus. Note that the B register contains the loop 
count for this instruction so that A15-A8 are not useable as part of a fixedport address. 


First the byte of data from the selected peripheral is loaded into the memory location 
addressed by the HL register. Then the B register, used as a counter, is decremented by 
one. The HL register is then decremented by one, thus moving the pointer to the next 
destination for the input. If the result of decrementing the B register is O, the instruction is 
terminated, otherwise the sequence is repeated. If the B register contains 0 at the start of 
the execution of this instruction, 256 bytes are input. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value at the start of this instruction is saved before the interrupt request is accepted, 
so that the instruction can be properly resumed. 


S: Unaffected 
Z: Set if the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
INDR 11101101 10111010 n X (2+i+w) 
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INDRW 
INPUT, DECREMENT AND REPEAT (WORD) 


INDRW 
Operation: repeat until (BC=0) begin 
(HL) e (DE) 
BC(15-0) < BC(15-0) — 1 
HL e HL - 2 
end 


This instruction is used for block input of strings of data. The string of input data from the 
selected peripheral is loaded into memory at consecutive addresses, starting with the 
location addressed by the HL register and decreasing. During the 1/O transaction the 
32-bit DE register is placed on the address bus. 


First the BC register, used as a counter, is decremented by one. First the word of data from 
the selected peripheral is loaded into the memory location addressed by the HL register. 
Then the BC register, used as a counter, is decremented by one. The HL register is then 
decremented by two, thus moving the pointer to the next destination for the input. If the result 
of decrementing the BC register is 0, the instruction is terminated, otherwise the sequence 
is repeated. If the BC register contains 0 at the start of the execution of this instruction, 65536 
bytes are input. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value at the start of this instruction is saved before the interrupt requestis accepted, 
so that the instruction can be properly resumed. 


Flags: S: Unaffected 
Z:  Setif the result of decrementing BC is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
INDRW 11101101 11111010 n X (2+i+w) 
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INI 
INPUT AND INCREMENT (BYTE) 


INI 


Operation: (HL) € (C) 
B «+ B-1 
HL «+ HL+1 


This instruction is used for block input of strings of data. During the I/O transaction the 32- 
bit BC register is placed on the address bus. Note that the B register contains the loop count 
for this instruction so that A15-A8 are not useable as part of a fixed port address. 


First the byte of data from the selected peripheral is loaded into the memory location 
addressed by the HL register. Then the B register, used as a counter, is decremented by 
one. The HL register is then incremented by one, thus moving the pointer to the next 
destination for the input. 


Flags: S: Unaffected 
Z: Set if the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
INI 11101101 10100010 2+i+W 
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INIW 
INPUT AND INCREMENT (WORD) 


INIW 

Operation: (HL) < (DE) 
BC(15-0) << BC(15-0)-1 
HL «& HL+2 


This instruction is used for block input of strings of data. 
During the I/O transaction the 32-bit DE register is placed on the address bus. 


First the word of data from the selected peripheral is loaded into the memory location 
addressed by the HL register. Then the BC register, used as a counter, is decremented by 
one. The HL register is then incremented by two, thus moving the pointer to the next 
destination for the input. 


Flags: S: Unaffected 
Z: Set if the result of decrementing BC is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
INIW 11101101 11100010 2+i+W 
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INIR 


INPUT, INCREMENT AND REPEAT (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 
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INIR 

repeat until (B=0) begin 
(HL) << (C) 
B «+ B-1 
HL «+ HL+1 
end 


This instruction is used for block input of strings of data. The string of input data from the 
selected peripheral is loaded into memory at consecutive addresses, starting with the 
location addressed by the HL register and increasing. During the I/O transaction the 32-bit 
BC register is placed on the address bus. Note that the B register contains the loop count 
for this instruction so that A(15-8) are not useable as part of a fixedport address. 


First the byte of data from the selected peripheral is loaded into the memory location 
addressed by the HL register. Then the B register, used as a counter, is decremented by 
one. The HL register is then incremented by one, thus moving the pointer to the next 
destination for the input. If the result of decrementing the B register is O, the instruction is 
terminated, otherwise the sequence is repeated. If the B register contains O at the start of 
the execution of this instruction, 256 bytes are input. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value at the start of this instruction is saved before the interrupt request is accepted, 
so that the instruction can be properly resumed. 


S: Unatfected 
Z:  Setif the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
INIR 11101104 10110010 n X (2+i+w) 
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INIRW 
INPUT, INCREMENT AND REPEAT (WORD) 


INIRW 
Operation: repeat until (BC=0) begin 
(HL) e (DE) 
BC(15-0) < BC(15-0) — 1 
HL e HL +2 
end 


This instruction is used for block input of strings of data. The string of input data from the 
selected peripheral is loaded into memory at consecutive addresses, starting with the 
location addressed by the HL register and increasing. During the I/O transaction the 32-bit 
DE register is placed on the address bus. 


First the word of data from the selected peripheral is loaded into the memory location 
addressed by the HL register. Then the BC register, used as a counter, is decremented by 
one. The HL register is then incremented by two, thus moving the pointer to the next 
destination for the input. If the result of decrementing the BC register is 0, the instruction is 
terminated, otherwise the sequence is repeated. If the BC register contains 0 at the start of 
the execution of this instruction, 65536 bytes are input. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value at the start of this instruction is saved before the interrupt request is accepted, 
so that the instruction can be properly resumed. 


Flags: 9: Unaffected 

Z: Set if the result of decrementing BC is zero; cleared otherwise 

H: Unaffected 

V: Unaffected 

N: Set 

C: Unaffected 5 
Addressing Execute 
Mode Syntax Instruction Format Time Note 

INIRW 11101101 11110010 n X (2+1+w) 
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JP 
JUMP 


JP [cc, ]dst dst = IR, DA 


Operation: if (cc is TRUE) then begin 
if (XM) then begin 


PC(31-0) - dst(31-0) 
end 

else begin 
PC(15-0) ie dst( 15-0) 
end 

end 


A conditional jump transfers program control to the destination address if the setting of a 
selected flag satisfies the condition code “cc” specified in the instruction; an unconditional 
jump always transfers control to the destination address. If the jump is taken, the Program 
Counter (PC) is loaded with the destination address; otherwise the instruction following the 
Jump instruction is executed. 


Each of the Zero, Carry, Sign, and Overflow flags can be individually tested and a jump 
performed conditionally on the setting of the flag. 


When using DA mode with the JP instruction, the operand is not enclosed in parentheses. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
IR: JP (HL) 11101001 2 X 
JP (XY) 11y11101 11101001 2 X 
DA: JP CC, addr 11-cc010 -a(low)- -a(high) 2 I, X 
JP addr 11000011 -a(low)- -a(high) 2 I, X 


Field Encodings: y: 0 for IX, 1 for lY 
cc: 000 for NZ, 001 for Z, 010 for NC, 011 for C, 100 for PO/NV, 101 for PE/V, 110 for 
P/NS,111 for M/S 
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JR 
JUMP RELATIVE 


JR [cc,]dst dst = RA 


Operation: if (cc is TRUE) then begin 
dst — SIGN EXTEND dst 
if (XM) then begin 


PC(31-0) PC(31-0) + dst(31-0) 
end 

else begin 
PC(15-0) e PC(15-0) + dst(15-0) 
end 

end 


A conditional Jump transfers program control to the destination address if the setting of a 
selected flag satisfies the condition code “cc” specified in the instruction; an unconditional 
Jump always transfers control to the destination address. Either the Zero or Carry flag can 
be tested for the conditional Jump. If the jump is taken, the Program Counter (PC) is loaded 
with the destination address; otherwise the instruction following the Jump Relative instruc- 
tion is executed. 


The destination address is calculated using relative addressing. The displacement in the 
instruction is added to the PC value for the instruction following the JR instruction, not the 
value of the PC for the JR instruction. 


These instructions employ either an 8-bit, 16-bit, or 24-bit signed, two’s complement 
displacement from the PC to permit jumps within a range of -126 to +129 bytes, -32,765 to 
+32,770 bytes, or -8,388,604 to +8,388,611 bytes from the location of this instruction. 


Flags: S: | Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
RA: JR CC,addr 001cc000 —disp— 2 X 
JR addr 00011000 —disp— 2 X 
JR CC, addr 11011101 001cc000 -d(low)- -d(high) 2 X 
JR addr 11011101 00011000 -d(low)- -d(high) 2 X 
JR CC,addr 11111101 001cc000 -d(low)- -d(mid)- -d(high) 2 X 
JR addr 11111101 00011000 -d(low)- -d(mid)- -d(high) 2 X 


Field Encodings: cc: 00 for NZ, 01 for Z, 10 for NC, 11 for C 


5-81 


™ 


/ 2380 
A) Pad | User's MANUAL 
LD 
LOAD ACCUMULATOR 
LD dst,src dst=A 
src = R, RX, IM, IR, DA, X 
or 

dst = R, RX, IR, DA, X 

src=A 
Operation: dst < src 


The contents of the source are loaded into the destination. 


Flags: S: Unaffected 
Zz: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 

Load into Accunulator 

Addressing 

Mode Syntax 

R: LD A,R 

RX: LD A,RX 

IM: LD A,n 

IR: LD A,(HL) 
LD A,(IR) 

DA: LD A,(nn) 

xX: LD A,(XY+d) 

Load from Accunulator 

Addressing 

Mode Syntax 

R: LD Rd,A 

RX: LD RX,A 

IR: LD (HL),A 
LD (IR),A 

DA: LD (nn),A 

X: LD (XY+d),A 


Instruction Format 


01141-r- 

41y11101 0111110w 
00111110 ——n— 
01111110 
000a1010 


00111010 -n(low)- -n(high) 
11y11101 01111110 ——d— 


Instruction Format 

O1-r-111 

11y11101 0110w111 
01110111 

000a0010 

00110010 -n(low)- -n(high) 
11y11101 01110111 ——d— 


Field Encodings: 
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r: 
y: 
W: 
a: 


per convention 

O for IX, 1 for IY 

O for high byte, 1 for low byte 
O for BC, 1 for DE 


Execute 

Time Note 
2 

2 

2 

a+r 

o+r 

S+r | 

4+r | 


Execute 

Time Note 
2 

2 

3+W 

3+W 

4+w | 
5+W | 
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LD 
LOAD IMMEDIATE (BYTE) 


LD dst,n dst = R, RX, IR, X 
Operation: dst< n 


The byte of immediate data is loaded into the destination. 


Flags: S: | Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: | Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: “DOA 00-r-110 ——n— 2 
RX: LD RX,n 11y11101 0010w110 ——n— 2 
IR: LD (HL),n 00110110 ——n— 3+W 
X: LD (XY+d),n 11y11101 00110110 ——d— ——n— 5+W | 


Field Encodings: r: per convention 
y: Ofor IX, 1 for lY 
w: O for high byte, 1 for low byte 
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LD 


LOAD IMMEDIATE (WORD) 


Operation: 


Flags: 


Addressing 
Mode 

R: 
RX: 


LD dst,nn dst = R, RX 


if (LW) then begin 
dst(31-0) <— nn 
end 

else begin 
dst(15-0) < nn 
end 


The word of immediate data is loaded into the destination. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Execute 
Syntax Instruction Format Time 
LD R,nn OOrr0001 -n(low)- -n(high) 2 
LD RX,nn 11y11101 00100001 -n(low)- -n(high) 2 


Field Encodings: rr: OO for BC, 01 for DE, 10 for HL 


y: O for IX, 1 for lY 


T™ 


USER'S MANUAL 


Note 


™ 


. Z3 
A) eilcis USER'S MANUAL 


LDW 
LOAD IMMEDIATE (WORD) 


LDW dst,nn dst = IR 


Operation: if (LW) then begin 
dst(31-0)  <— nn 
end 

else begin 
dst(15-0)  < nn 
end 


The word of immediate data is loaded into the destination. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
IR: LDW (IR),nn 11101101 OOpp0110 -n(low)- -n(high) 3+W Ae 


Field Encodings: pp: 00 for BC, 01 for DE, 11 for HL 
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LD 
LOAD REGISTER (BYTE) 
LD dst,src dst = R 
src =R, RX, IM, 
or 

dst = R, RX, IR, X 
src =R 

Operation: dst < src 


The contents of the source are loaded into the destination. 


Flags: S Unaffected 
Zi Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Load into Register 
Addressing 
Mode Syntax 
R: LD Rd,Rs 
RX: LD Rd,RX 
LD RXa,RXb 
IM: LD R,n 
IR: LD R,(HL) 
X: LD R,(XY+d) 
Load from Register 
Addressing 
Mode Syntax 
RX: LD RX,Rs 
LD RXa,RXb 
IR: LD (HL),R 
x: LD (XY+d),R 


Field Encodings: 
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r: per convention 
rd: per convention 
rs: per convention 
y: O for IX, 1 for lY 


Instruction Format 
O1-rd-rs 

11y11101 01-ra1Ow 
11y11101 0110a10b 
00-r-110 ——n— 

O1-r-110 

11y11101 01-r-110 ——d— 


instruction Format 
11y11101 0110w-ra 
11y11101 0110a10b 
01110-r- 

11y111071 01110-r- ——d— 


w: OQ for high byte, 1 for low byte 


ra: per convention, 


for A, B, C, D, E only 


a: destination, O for high byte, 1 for low byte 
b: source, 0 for high byte, 1 for low byte 


Execute 
Time 

2 

2 

2 

2 

5+W 
7+W 


Execute 
Time 

2 

2 

3+W 
5+W 
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LD[W] 
LOAD REGISTER (WORD) 


LD[W] dst,src dst=R 
src = R, RX, IR, DA, X, SR 
or 
dst = R, RX, IR, DA, X, SR 
src =R 


Operation: if (LW) then begin 
dst(31-0) < src(31-0) 
end 
else begin 
dst(15-0) < src(15-0) 
end 


The contents of the source are loaded into the destination. 


Flags: 3: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Load into Register 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: LD Rd,Rs 11rs1101 OOrd0010 2 L 
RX: LD R,RX 11y11101 OOrr1011 2 L 
IR: LD R,(IR) 110111014 OOrr1 tri +r L 
LD RX,(IR) 11y11101 OOri001 1 +r L 
DA: LD HL,(nn) 00101010 -n(low)- -n(high) 3+r ILL 
LD R,(nn) 11101101 01ra1011 -n(low)- -n(high) 3+r LL 
LD RX,(nn) 11y11101 00101010 -n(low)- -n(high) 3+r IL 
X: LD R,(XY¥+q) 11y11101 11001011 ——d— O0rr0011 4+r IL 
LD IX,(IY+qd) 11111101 11001011 ——d— 001000711 4+r IL 
LD IY,(IX+qd) 11011101 11001011 ——d— 00100011 4+r LL 
SR: LD R,(SP+q) 11011101 11001011 ——d— 00rr0001 4+r LL 
LD RX,(SP+d) 11y11101 11001011 ——d— 00100001 4+r ILL 
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LD[W] 

LOAD REGISTER (WORD) 

Load from Register : 

Addressing Execute 

Mode Syntax Instruction Format Time Note 

RX: LD RX,R 11y11101 OOrr0111 2 L 
LD IX,lY 11011101 00100111 2 L 
LD IY,IX 11111101 00100111 2 L 

IR: LD (IR),RR 11111101 OOrr1 tri 3+W L 
LD (IR),RX 141y11101 OO0ri0001 3+Ww L 

DA: LD (nn),HL 00100010 -n(low)- -n(high) 4+w Lb 
LD (nn),R 11101101 07ra0011 -n(low)- -n(high) 4+w IL 
LD (nn),RX 11y11101 00100010 -n(low)- -n(high) 4+w IL 

X: LD (XY¥+d),R 11y11101 110010171 ——d— 00rr1011 5+W LL 
LD (lIY+d),|IX 11111101 11001011 ——d— 00101011 5+W ee 
LD (IX+d),lY 11011101 11001011 ——d— 00101011 5+W LL 

SR: LD (SP+d),R 11011101 11001011 ——d— O0rr1001 5+W LL 
LD (SP+d),XY 11y11101 11001011 ——-d— 00101001 5+W Fe 


Field Encodings: rs: 01 for DE, 10 for BC, 11 for HL 
rd: 00 for BC, 01 for DE, 11 for HL 
y: Ofor IX, 1 for lY 
rr: OO for BC, 01 for DE, 11 for HL 
ri: OO for BC, 01 for DE, 11 for HL 
ra: OO for BC, 01 for DE, 10 for HL 
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LD 
LOAD STACK POINTER 


LD dst,src dst = SP 
src = R, RX, IM, DA 
or 
dst = DA 
src = SP 


Operation: if (LW) then begin 
dst(31-0) <— src(31-0) 
end 
else begin 
dst(15-0) <¢ src(15-0) 
end 


The contents of the source are loaded into the destination. 


Flags: S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 
Load into Stack Pointer 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: LD SP,HL 11111001 2 L 
RX: LD SP,RX 11y11107 11111001 2 L 
IM: LD SP,nn 00110001 -n(low)- -n(high) 2 Jil 
DA: LD SP,(nn) 11101101 01111011 -n(low)- -n(high) 3+r ee 
Field Encodings: y: O for IX, 1 for IY 
Load from Stack Pointer 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
DA: LD (nn),SP 11101101 01110011 -n(low)- -n(high) 4+w Lb 
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LD 
LOAD FROM I OR R REGISTER (BYTE) 


LD dst,src dst=A 
src =1,R 


Operation: dst < src 


The contents of the source are loaded into the accumulator. The contents of the source are 
not affected. The Sign and Zero flags are set according to the value of the data transferred; 
the Overflow flag is set according to the state of the interrupt enable. Note that if an interrupt 
occurs during execution of either of these instructions the Overflow flag reflects the prior 
state of the interrupt enable. Also note that the R register does not contain the refresh 
address and is not modified by refresh transactions. 


Flags: S: Set if the data loaded into the accumulator is negative; cleared otherwise 
Zz Set if the data loaded into the accumulator is zero; cleared otherwise 
H: Cleared 
V: Set when loading the accumulator if interrupts are enabled; cleared otherwise 
N: Cleared 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
LD A,| 11101101 01010111 2 
LD A,R 11101107 01011111 2 
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LD 
LOAD INTO 1 OR R REGISTER (BYTE) 


LD dst,src dst=1,R 
stc=A 


Operation: dst < src 


The contents of the accumulator are loaded into the destination. Note that the Rregister does 
not contain the refresh address and is not modified by refresh transactions. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Flags: 


OZSIN2 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: LD IA 114101101 01000111 2 

LD R,A 11101101 01001111 2 
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LD[W] 
LOAD I REGISTER (WORD) 


LD[W] dst,src dst = HL 


Operation: if (LW) then begin 
dst(31-0) <— src(31-0) 
end 
else begin 
dst(15-0) <— src(15-0) 
end 


The contents of the source are loaded into the destination 


Flags: S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 
Load from | Register 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: LD[W] HL,I 11011101 01010111 2 L 
Load into | Register 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: LD[W] I,HL 11011101 01000111 2 L 
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LDCTL 
LOAD CONTROL REGISTER (BYTE) 


LDCTL dst,src dst = DSR, XSR, YSR 

src =A, 1M 
or 

dst=A 

src = DSR, XSR, YSR 
or 

dst = SR 

src =A, 1M 


Operation: if (dst = SR) then begin 
SR(31-24) <— src 
SR(23-16) <— Src 
SR(15-8) <& src 
end 
else begin 
dst - SIC 
end 


The contents of the source are loaded into the destination. 


Flags: So: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 


Load into Control Register 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: LDCTL SR,A 11011101 11001000 4 
LDCTL Rd,A 11qq1101 11011000 4 
IM: LDCTL SR,n 11011101 11001010 ——n— 4 
LDCTL Rd,n 11qq1101 11011010 ——n— 4 


Field Encodings: qq: 01 for XSR, 10 for DSR, 11 for YSR 


Load from Control Register 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: LDCTL A,Rs 11qq1101 11010000 2. 


Field Encodings: qq: 01 for XSR, 10 for DSR, 11 for YSR 
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LDCTL 
LOAD FROM CONTROL REGISTER (WORD) 
LDCTL dst,src dst = HL 
src = SR 


Operation: if (LW) then begin 
dst(31-0) < src(31-0) 
end 
else begin 
dst(15-0) <— src(15-0) 
end 


The contents of the Select Register (SR) are loaded into the HL register. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Load from Control Register 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: LDCTL HL,SR 11101101 11000000 2 L 
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LDCTL 
LOAD INTO CONTROL REGISTER (WORD) 


LDCTL dst,src dst = SR 


Operation: if (LW) then begin 
dst(31-16) <— HL(3 1-16) 
end 
else begin 
dst(31-24) <— HL(15-8) 
dst(23-16) <— HL(15-8) 


end 
dst(15-8) - HL(15-8) 
dst(0) e HL(0) 


The contents of the HL register are loaded into the Select Register (SR). If Long Word mode 
is not in effect the upper byte of the HL register is copied into the three most significant bytes 
of the select register. This instruction does not modify the mode bits in the SR. There are 
dedicated instructions to modify the mode bits. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Load from Control Register 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: LDCTL SR,HL 11101101 11001000 4 L 
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LDD 
LOAD AND DECREMENT (BYTE) 
LDD 
Operation: (DE) <— (HL) 
DE < DE-1 
HL < HL-1 
BC(15-0) « BC(15-0) - 1 
This instruction is used for block transfers of strings of data. The byte of data at the location 
addressed by the HL register is loaded into the location addressed by the DE register. Both 
the DE and HL registers are then decremented by one, thus moving the pointers to the 
preceeding elements in the string. The BC register, used as a counter, is then decremented 
by one. 
Flags: S Unaffected 
Z Unaffected 
H: Cleared 
V: Set if the result of decrementing BC is not equal to zero; cleared otherwise 
N: Cleared 
C Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
LDD 11101101 10101000 3+r+w 
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LDDW 
LOAD AND DECREMENT (WORD) 


LDDW 
Operation: if (LW) then begin 

(DE) — (HL) 
(DE+1) e (HL+1) 
(DE+2) e (HL+2) 
(DE+3) _ (HL+3) 
DE - DE -4 
HL. oa HL -4 
BC(15-0) < BC(15-0) - 4 
end 

else begin 
(DE) < (HL) 
(DE+1) (HL+1) 
DE on DE-2 
HL oan HL-2 
BC(15-0) < BC(15-0) - 2 
end 


This instruction is used for block transfers of words of data. The word of data at the location 
addressed by the HL register is loaded into the location addressed by the DE register. Both 
the DE and HL registers are then decremented by two or four, thus moving the pointers to 
the preceeding words in the array. The BC register, used as a byte counter, is then 
decremented by two or four. 


Both DE and HL should be even, to allow word transfers on the bus. BC must be even, 
transferring an even number of bytes, or the operation is undefined. 


Flags: S: | Unaffected 
Z: Unaffected 
H: Cleared 
V: Set if the result of decrementing BC is not equal to zero; cleared otherwise 
N: Cleared 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
LDDW 11101101 11101000 3+r+W L 
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LDDR 


LOAD, DECREMENT AND REPEAT (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 


LDDR 

repeat until BC=0 begin 
(DE) - (HL) 
DE - DE - 1 
HL on HL — 1 
BC(15-0) < BC(15-0) — 1 
end 


This instruction is used for block transfers of strings of data. The bytes of data at the location 
addressed by the HL register are loaded into memory starting at the location addressed by 
the DEregister. The number of bytes moved is determined by the contents of the BC register. 
If the BC register contains zero when this instruction is executed, 65,536 bytes are 
transferred. The effect of decrementing the pointers during the transfer is important if the 
source and destination strings overlap with the source string starting at a lower memory 
address. Placing the pointers at the highest address of the strings and decrementing the 
pointers ensures that the source string is copied without destroying the overlapping area. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value of the start of this instruction is saved before the interrupt request is 
accepted;,so that the instruction can be properly resumed. 


Unaffected 
Unaffected 
Cleared 
Cleared 
Cleared 
Unaffected 


Execute 
Syntax Instruction Format Time Note 
LDDR 11101101 101711000 n X (8+r+w) 
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LDDRW 
LOAD, DECREMENT AND REPEAT (WORD) 


LDDRW 


Operation: repeat until (BC=0) begin 
if (LW) then begin 


(DE) i (HL) 
(DE+1) - (HL+1) 
(DE+2) - (HL+2) 
(DE+3) - (HL+3) 
DE + DE -4 
HL aa HL — 4 
BC(15-0) BC(15-0) - 4 
end 

else begin 
(DE) + (HL) 
(DE+1) - (HL+1) 
DE - DE-2 
HL + HL -2 
BC(15-0) + BC(15-0) - 2 
end 

end 


This instruction is used for block transfers of strings of data. The words of data at the location 
addressed by the HL register are loaded into memory starting at the location addressed by 
the DE register. The number of words moved is determined by the contents of the BC 
register. If the BC register contains zero when this instruction is executed, 65,536 words are 
transferred. The effect of decrementing the pointers during the transfer is important if the 
source and destination strings overlap with the source string starting at a lower memory 
address. Placing the pointers at the highest address of the strings and decrementing the 
pointers ensures that the source string is copied without destroying the overlapping area. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value of the start of this instruction is saved before the interrupt request is 
accepted;,so that the instruction can be properly resumed. 


Unaffected 
Unaffected 
Cleared 
Cleared 
Cleared 
Unaffected 


Flags: 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
LDDRW 11101101 11111000 nX(3+r+w) L 


5-99 


A ZILA 


™ 


238 
USER'S MANUAL 


LDI 


LOAD AND INCREMENT (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 


5-100 


LDI 

(DE) < (HL) 

DE «+ DE+1 

HL + HL+1 
BC(15-0) «< BC(15-0) - 1 


This instruction is used for block transfers of strings of data. The byte of data at the location 
addressed by the HL register is loaded into the location addressed by the DE register. Both 
the DE and HL registers are then incremented by one, thus moving the pointers to the next 
elements in the string. The BC register, used as a counter, is then decremented by one. 


3: Unaffected 
Z: Unaffected 
H: Cleared 
V: Set if the result of decrementing BC is not equal to zero; cleared otherwise 
N: Cleared 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
LDI 11101101 10100000 O+r+w 


AW Silas USER'S MANUAL 
LDIW 
LOAD AND INCREMENT (WORD) 
LDIW 
Operation: if (LW) then begin 
(DE) e (HL) 
(DE+1) e (HL+1) 
(DE+2) e (HL+2) 
(DE+3) oa (HL+3) 
DE oo DE +4 
HL — HL + 4 
BC(15-0)  <— BC(15-0) - 4 
end 
else begin 
(DE) _ (HL) 
(DE+1) _ (HL+1) 
DE <- DE + 2 
HL - HL +2 
BC(15-0) <— BC(15-0) - 2 
end 


Flags: 


Addressing 
Mode 


This instruction is used for block transfers of words of data. The word of data at the location 
addressed by the HL register is loaded into the location addressed by the DE register. Both 
the DE and HL registers are then incremented by two or four, thus moving the pointers to 
the succeeding words in the array. The BC register, used as a byte counter, is then 
decremented by two or four. 


Both DE and HL should be even, to allow word transfers on the bus. BC must be even, 
transferring an even number of bytes, or the operation is undefined. 


S: Unaffected 
Z: Unaffected 
H: Cleared 
V: Set if the result of decrementing BC is not equal to zero; cleared otherwise 
.N: Cleared 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
LDIW 11101101 11100000 3+r+Ww L 
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LDIR 


LOAD, INCREMENT AND REPEAT (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 


5-102 


LDIR 

repeat until (BC=0) begin 
(DE) (HL) 
DE e DE + 1 
HL < HL + 1 
BC(15-0) «© BC(15-0) - 1 
end 


This instruction is used for block transfers of strings of data. The bytes of data at the location 
addressed by the HL register are loaded into memory starting at the location addressed by 
the DE register. The number of bytes moved is determined by the contents of the BC register. 
If the BC register contains zero when this instruction is executed, 65,536 bytes are 
transferred. The effect of incrementing the pointers during the transfer is important if the 
source and destination strings overlap with the source string starting at a higher memory 
address. Placing the pointers at the lowest address of the strings and incrementing the 
pointers ensures that the source string is copied without destroying the overlapping area. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value of the start of this instruction is saved before the interrupt request is 
accepted,so that the instruction can be properly resumed. 


Unaffected 
Unaffected 
Cleared 
Cleared 
Cleared 
Unaffected 


Execute 
Syntax Instruction Format Time Note 
LDIR 11101101 10110000 S+r+W 
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LDIRW 
LOAD, INCREMENT AND REPEAT (WORD) 


LDIRW 


Operation: repeat until (BC=0) begin 
if (LW) then begin 


(DE) e (HL) 
(DE+1) oo (HL+1) 
(DE+2) e (HL+2) 
(DE+3) eH (HL+3) 
DE — DE + 4 
HL e HL +4 
BC(15-0) co BC(15-0) - 4 
end 

else begin 
(DE) on (HL) 
(DE+1) ce (HL+1) 
DE e DE +2 
HL _ HL + 2 
BC(15-0) e BC(15-0) - 2 
end 

end 


This instruction is used for block transfers of strings of data. The words of data at the location 
addressed by the HL register are loaded into memory starting at the location addressed by 
the DE register. The number of words moved is determined by the contents of the BC 
register. If the BC register contains zero when this instruction is executed, 65,536 words are 
transferred. The effect of incrementing the pointers during the transfer is important if the 
source and destination strings overlap with the source string starting at a higher memory 
address. Placing the pointers at the lowest address of the strings and incrementing the 
pointers ensures that the source string is copied without destroying the overlapping area. 5 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value of the start of this instruction is save before the interrupt request is 
accepted,so that the instruction can be properly resumed. 


Flags: S: | Unaffected 
ZL Unaffected 
H: Cleared 
V: Cleared 
N: Cleared 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
LDIRW 11101101 11110000 (S+r+w)n L 
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MLT 


MULTIPLY UNSIGNED (BYTE) 


Operation: 


Flags: 


Addressing 
Mode 
R: 


MLT R src =R 
R(15-0) — R(7-0) x R(15-8) 
The contents of the upper byte of the source register are multiplied by the contents of the 


lower byte of the source register and the product is stored in the source register. Both 
operands. Both operands are treated as unsigned, binary integers. 


S. Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 

Execute 

Syntax Instruction Format Time Note 
MLT R 11101101 O1rr1100 7 


Field Encodings: rr: OO for BC, 01 for DE, 10 for HL, 11 for SP 
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MTEST 
MODE TEST 
MTEST 
Operation: S «€ SR(7) 
Z <€ SR(6) 
C € SR(1) 


The three mode control bits in the Select Register (SR) are transferred to the flags. This 
allows the program to determine the state of the machine. 


Flags: S: Set if Extended mode is in effect; cleared otherwise 
Z: Set if Long word mode is in effect; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Set if Lock mode is in effect; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
MTEST 41011101 11001111 2 
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MULTW 
MULTIPLY (WORD) 


MULTW [HL, ]src src = R, RX, IM, X 


Operation: HL(31-0) <— HL(15-0) x src(15-0) 


The contents of the HL register are multiplied by the source operand and the product is 
stored in the HL register. The contents of the source are unaffected. Both operands are 
treated as signed, two’s complement integers. 


The initial contents of the HL register are overwritten by the result. The Carry flag is set to 
indicate that the upper word of the HL register is required to represent the result; if the Carry 
flag is cleared, the product can be correctly represented in 16 bits and the upper word of 
the HL register merely holds sign-extension data. 


Flags: S: Set if the result is negative; cleared otherwise 
Z:  Setif the result is zero; cleared otherwise 
H: Unaffected 
V: Cleared 
N: Unaffected 
C: Set if the product is less than -32768 or greater than or equal to 32768; cleared 
otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: MULTW [HL,]R 11101101 11001011 1007100rr 10 
RX: MULTW [HL, ]RX 11101101 11001011 1001010y 10 
IM: MULTW [HL, ]nn 11101101 11001011 10010111 -n(low)- -n(high) 10 
X: MULTW [HL, ](XY +d) 11y11101 11001011 ——d— 10010010 12+r | 


Field Encodings: rr: 00 for BC, 01 for DE, 17 for HL 
y: Ofor IX, 1 for lY 
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MULTUW 
MULTIPLY UNSIGNED (WORD) 


MULTUW [HL,]src src = R, RX, IM, X 
Operation: HL(31-0) << HL(15-0) x src(15-0) 


The contents of the HL register are multiplied by the source operand and the product is 
stored in the HL register. The contents of the source are unaffected. Both operands are 
treated as unsigned, binary integers. 


The initial contents of the HL register are overwritten by the result. The Carry flag is set to 
indicate that the upper word of the HL register is required to represent the result; if the Carry 
flag is cleared, the product can be correctly represented in 16 bits and the upper word of 
the HL register merely holds zero. 


Flags: S: Cleared 
Z: Set if the result is zero; cleared otherwise 
H: Unaffected 
V: Cleared 
N: Unaffected 
C: Set if the product is greater than or equal to 65536; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: MULTUW [HL,]R 11101101 11001071 100110rr 11 
RX: MULTUW [HL,]RX 11101101 11001011 10011 10y 11 
IM: MULTUW [HL,]nn 11101101 11001011 10011111 -n(low)- -n(high) 11 
X: MULTUW [HL,](XY+d) = 11y11101 11001011 ——d— 10011010 13+r | 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 
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NEG 
NEGATE ACCUMULATOR 


NEG [A] 


Operation: A €& -A 


The contents of the accumulator are negated, that is replaced by its two’s complement 
value. Note that 80h is replaced by itself, because in two’s complement representation the 
negative number with the greatest magnitude has no positive counterpart; for this case, the 
Overflow flag is set to 1. 


Flags: S: Set if the result is negative; cleared otherwise 
Zz. Set if the result is zero; cleared otherwise 
H: Set if there is a borrow from bit 4 of the result; cleared otherwise 
V:  Setif the content of the accumulator was 80h before the operation; cleared otherwise 
N: Set 
C: Set if the content of the accumulator was not OOh before the operation; cleared if the 

content of the accumulator was 00h 

Addressing Execute 

Mode Syntax Instruction Format Time Note 
NEG [A] 11101101 01000100 2 
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NEGATE HL REGISTER (WORD) 


NEGW [HL] 


Operation: HL(15-0) << -HL(15-0) 


The contents of the HL register are negated, that is replaced by its two’s complement value. 
Note that 8000h is, replaced by itself, because in two’s complement representation the 
negative number with the greatest magnitude has no positive counterpart; for this case, the 
Overflow flag is set to 1. 


Flags: S: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Set if there is a borrow from bit 4 of the result; cleared otherwise 
V:  Setif the content of the HL register was 8000h before the operation; cleared otherwise 
N: Set 
C: — Setif the content of the HL register was not 0000h before the operation; cleared if the 

content of the HL register was OOO0h 

Addressing Execute 

Mode Syntax Instruction Format Time Note 
NEGW [HL] 11101101 01010100 2 
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NOP 
NO OPERATION 
NOP 
Operation: None 
No operation. 
Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
NOP OOO00000 2 
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OR 
OR (BYTE) 


OR [A, ]src src = R, RX, IM, IR, X 
Operation: A «< AORsrc 


A logical OR operation is performed between the corresponding bits of the source operand 
and the accumulator and the result is stored in the accumulator. A 1 bit is stored wherever 
either of the corresponding bits in the two operands is 1; otherwise a 0 bit is stored. The 
contents of the source are unaffected. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if all bits of the result are zero; cleared otherwise 
H: Cleared 
P: Set if the parity is even; cleared otherwise 
N: Cleared 
C: Cleared 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: OR [A,]R 10110-r- 2 
RX: OR [A,]RX 11y11101 1011010w 2 
IM: OR [A,]n 11110110 ——n— 2 
IR: OR [A, ](HL) 10110110 Q+r 
X: OR [A, |(XY+d) 11y11101 10110110 ——d— A+r | 


Field Encodings: r: per convention 
y: O for IX, 1 for lY 
w: O for high byte, 1 for low byte 
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ORW 
OR (WORD) 

ORW [HL, ]src src = R, RX, IM, X 
Operation: HL(15-0) << HL(15-0) OR src(15-0) 

A logical OR operation is performed between the corresponding bits of the source operand 

and the HL register and the result is stored in the HLregister. A 1 bit is stored wherever either 


of the corresponding bits in the two operands is 1; otherwise a 0 bit is stored. The contents 
of the source are unaffected. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z Set if all bits of the result are zero; cleared otherwise 
H: Cleared 
P: Set if the parity is even; cleared otherwise 
N: Cleared 
C: Cleared 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: ORW [HL,]R 111011014 10110%rr 2 
RX: ORW [HL,]RX 11y11101 10110114 2 
IM: ORW [HL,]nn 11101101 10110110 -n(low) -n(high)- +r 
X: ORW [HL,](XY+d) 11y11101 11110110 ——d— 4+r | 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 
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Operation: 


Flags: 


Addressing 
Mode 


OTDM 


OUTPUT DECREMENT MEMORY 


This instruction is used for block output of strings of data to on-chip peripherals. No external 
I/O transaction will be generated as a result of this instruction, although the I/O address will 
appear on the address bus and the write data will appear on the data bus while this internal 
write is occurring. The peripheral address is placed on the low byte of the address bus and 
zeros are placed on all other address lines. The byte of data from the memory location 
addressed by the HL register is loaded to the on-chip I/O port addressed by the C register. 
The C register, holding the port address, is decremented by one to select the next output 
port. The B register, used as a counter, is then decremented by one. The HL register is then 
decremented by one, thus moving the pointer to the next source for the output. 


Set if the result of decrementing B is negative; cleared otherwise 

Set if the result of decrementing B is zero; cleared otherwise 

Set if there is a borrow from bit 4 during the decrement of the B register; cleared 
otherwise 

set if the result of the decrement of the B register is even; cleared otherwise 

Set if the most significant bit of the byte transferred was a 1; cleared otherwsie 

Set if there is a borrow from the most significant bit during the decrement of the B 
register; cleared otherwise 


Oso 


Execute 
Syntax Instruction Format Time Note 
OTDM 11101101 10001011 2+r+0 
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User's MANUAL 


OTDMR 


OUTPUT, DECREMENT MEMORY REPEAT 


Operation: 


Flags: 


Addressing 
Mode 


5-114 


OTDMR 


repeat until (B=0) begin 
(C) — (HL) 
C & C-1 
B ¢« B-1 
HL «+ HL-1 
end 


This instruction is used for block output of strings of data to on-chip peripherals. No external 
I/O transaction will be generated as a result of this instruction, although the I/O address will 
appear on the address bus and the write data will appear on the data bus while this internal 
write is occurring. The peripheral address is placed on the low byte of the address bus and 
zeros are placed on all other address lines. The byte of data from the memory location 
addressed by the HL register is loaded to the on-chip |/O port addressed by the C register. 
The C register, holding the port address, is decremented by one to select the next output 
port. The B register, used as a counter, is then decremented by one. The HL register is then 
decremented by one, thus moving the pointer to the next source for the output. If the result 
of decrementing the B register is O, the instruction is terminated, otherwise the output 
sequence is repeated. Note that if the B register contains O at the start of the execution of 
this instruction, 256 bytes are output. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value at the start of this instruction is saved before the interrupt request is accepted, 
so that the instruction can be properly resumed. 


S: Cleared 
Ee Set 
H: Cleared 
P: Set 
N: Set if the most significant bit of the byte transferred was a 1; cleared otherwise 
C: Cleared 
Execute 
Syntax Instruction Format Time Note 
OTDMR 11101101 10011011 Q+r+O 
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Operation: 


Flags: 


Addressing 
Mode 


OTDR 


OUTPUT, DECREMENT AND REPEAT (BYTE) 


OTDR 


repeat until (B=0) begin 
B ¢ B-1 
(C) — (HL) 
HL <— HL-1 
end 


This instruction is used for block output of strings of data. The string of output data is loaded 
into the selected peripheral from memory at consecutive addresses, starting with the 
location addressed by the HL register and decreasing. During the I/O transaction the 32- 
bit BC register is placed on the address bus. Note that the B register contains the loop count 
for this instruction so that A(15-8) are not useable as part of a fixed port address. The 
decremented B register is used in the address. 


First the B register, used as a counter, is decremented by one. The byte of data from the 
memory location addressed by the HL register is loaded into the selected peripheral. The 
HL register is then decremented by one, thus moving the pointer to the next source for the 
output. If the result of decrementing the B register is 0, the instruction is terminated, 
otherwise the sequence is repeated. If the B register contains 0 at the start of the execution 
of this instruction, 256 bytes are output. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value atthe start of this instruction is saved before the interrupt request is accepted, 
so that the instruction can be properly resumed. 


5: Unaffected 
Z: Set if the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
OTDR 11101101 10111011 2+f+0O 
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OTDRW 


OUTPUT, DECREMENT AND REPEAT (WORD) 


Operation: 


Flags: 


Addressing 
Mode 


5-116 


OTDRW 


repeat until (BC=0) begin 
BC(15-0) «© BC(15-0) - 1 


(DE) < (HL) 
HL — HL —2 
end 


This instruction is used for block output of strings of data. The string of output data is loaded 
into the selected peripheral from memory at consecutive addresses, starting with the 
location addressed by the HL register and decreasing. During the I/O transaction the 32- 
bit DE register is placed on the address bus. 


First the BC register, used as a counter, is decremented by one. The word of data from the 
memory location addressed by the HL register is loaded into the selected peripheral. The 
HL register is then decremented by two, thus moving the pointer to the next source for the 
output. If the result of decrementing the BC register is 0, the instruction is terminated, 
otherwise the sequence is repeated. If the BC register contains 0 at the start of the execution 
of this instruction, 65536 bytes are output. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value at the start of this instruction is saved before the interrupt request is accepted, 
so that the instruction can be properly resumed. 


3: Unaffected 
Z: Set if the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
OTDRW 11101101 11111011 2+r+0 
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OTIM 
OUTPUT INCREMENT MEMORY 


OTIM 


Operation: (C) — (HL) 
C & C+ 
B ¢ B-1 
HL — HL+1 


This instruction is used for block output of strings of data to on-chip peripherals. No external 
I/O transaction will be generated as a result of this instruction, although the I/O address will 
appear on the address bus and the write data will appear on the data bus while this internal 
write is occurring. The peripheral address is placed on the low byte of the address bus and 
zeros are placed on all other address lines. The byte of data from the memory location 
addressed by the HL register is loaded to the on-chip |/O port addressed by the C register. 
The C register, holding the port address, is incremented by one to select the nextoutput port. 
The B register, used as a counter, is then decremented by one. The HL register is then 
incremented by one, thus moving the pointer to the next source for the output. 


Flags: S: Set if the result of decrementing B is negative; cleared otherwise 
Z: Set if the result of decrementing B is zero; cleared otherwise 
H: Set if there is a borrow from bit 4 during the decrement of the B register; cleared 
otherwise 
P: Set if the result of the decrement of the B register is even; cleared otherwise 
N: Set if the most significant bit of the byte transferred was a 1; cleared otherwise 
C: Set if there is a borrow from the most significant bit during the decrement of the B 
register; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
OTIM 11101101 10000011 2+1+O 
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OTIMR 


OUTPUT, INCREMENT MEMORY REPEAT 


Operation: 


Flags: 


Addressing 
Mode 


5-118 


OTIMR 


repeat until (B=0) begin 
(C) — (HL) 
C & C+ 
B ¢« B-1 
HL — HL+ 1 
end 


This instruction is used for block output of strings of data to on-chip peripherals. No external 
I/O transaction will be generated as a result of this instruction, although the I/O address will 
appear on the address bus and the write data will appear on the data bus while this internal 
write is occurring. The peripheral address is placed on the low byte of the address bus and 
zeros are placed on all other address lines. The byte of data from the memory location 
addressed by the HL register is loaded to the on-chip I/O port addressed by the C register. 
The Cregister, holding the port address, is incremented by one to select the next output port. 
The B register, used as a counter, is then decremented by one. The HL register is then 
incremented by one, thus moving the pointer to the next source for the output. If the result 
of decrementing the B register is O, the instruction is terminated, otherwise the output 
sequence is repeated. Note that if the B register contains O at the start of the execution of 
this instruction, 256 bytes are output. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value at the start of this instruction is saved before the interrupt request is accepted, 
so that the instruction can be properly resumed. 


3: Cleared 
z Set 
H: Cleared 
P: Set 
N: — Set if the most significant bit of the byte transferred was a 1; cleared otherwsie 
C: Cleared 
Execute 
Syntax Instruction Format Time Note 
OTIMR 11101101 10010011 O+r+O 
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Operation: 


Flags: 


Addressing 
Mode 


OTIR 


OUTPUT, INCREMENT AND REPEAT (BYTE) 


OTIR 


repeat until (B=0) begin 
B «¢ B-1 
(C) — (HL) 
HL — HL+1 
end 


This instruction is used for block output of strings of data. The string of output data is loaded 
into the selected peripheral from memory at consecutive addresses, starting with the 
location addressed by the HL register and increasing. During the I/O transaction the 32-bit 
BC register is placed on the address bus. Note that the B register contains the loop count 
for this instruction so that A(15-8) are not useable as part of a fixed port address. The 
decremented B register is used in the address. 


First the B register, used as a counter, is decremented by one. The byte of data from the 
memory location addressed by the HL register is loaded into the selected peripheral. The 
HL register is then incremented by one, thus moving the pointer to the next source for the 
output. If the result of decrementing the B register is O, the instruction is terminated, 
otherwise the sequence is repeated. If the B register contains O at the start of the execution 
of this instruction, 256 bytes are output. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value at the start of this instruction is saved before the interrupt request is accepted, 
so that the instruction can be properly resumed. 


9S: Unaffected 
Z: Set if the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
OTIR 11101101 10110011 2Q+6+0 
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OTIRW 


OUTPUT, INCREMENT AND REPEAT (WORD) 


Operation: 


Flags: 


Addressing 
Mode 


5-120 


OTIRW 


repeat until (BC=0) begin 
BC(15-0) <— BC(15-0) — 1 


(DE) — (HL) 
HL e HL +2 
end 


This-instruction is used for block output of strings of data. The string of output data is loaded 
into the selected peripheral from memory at consecutive addresses, starting with the 
location addressed by the HL register and increasing. During the I/O transaction the 32-bit 
DE register is placed on the address bus. 


First the BC register, used as a counter, is decremented by one. The word of data from the 
memory location addressed by the HL register is loaded into the selected peripheral. The 
HL register is then incremented by two, thus moving the pointer to the next source for the 
output. If the result of decrementing the BC register is 0, the instruction is terminated, 
otherwise the sequence is repeated. If the BC register contains 0 at the start of the execution 
of this instruction, 65536 bytes are output. 


This instruction can be interrupted after each execution of the basic operation. The Program 
Counter value at the start of this instruction is saved before the interrupt request is accepted, 
so that the instruction can be properly resumed. 


S: Unaffected 
Zz: Set if the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
OTIRW 11101101 111100114 2+r+O 
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OUT 
OUTPUT (BYTE) 


OUT (C),src src=R,IM 
Operation: (C) < src 


The byte of data from the source is loaded into the selected peripheral. During the I/O 
transaction, the contents of the 32-bit BC register are placed on the address bus. 


Flags: S: | Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: OUT (C),R 11101101 01 -r- 001 3+0 
IM: OUT (C),n 11101101 01110001 —n— 3+0 


Field Encodings: r: per convention 
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OUTW 
OUTPUT (WORD) 


OUTW (C),src_ src =R, IM 


Operation: (C) —  src(15-0) 


The word of data from the source is loaded into the selected peripheral. During the I/O 
transaction, the contents of the 32-bit BC register are placed on the address bus. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: OUTW (C),R 11011101 Oirrr 001 2+0 
IM: OUTW (C),nn 11111101 01111001 -n(low)- -n(high) 2+0 


Field Encodings: rrr: 000 for BC, 010 for DE, 111 for HL 
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Operation: 


Flags: 


Addressing 
Mode 
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OUT 
OUTPUT ACCUMULATOR 


QUT (n),A 


(nhe A 


The byte of data from the accumulator is loaded into the selected peripheral. During the 
I/O transaction, the 8-bit peripheral address from the instruction is placed on the low byte 
of the address bus, the contents of the accumulator are placed on address lines A(15-8), 
and the high-order address lines are all zeros. 


S: Unaffected 

ZA Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 

Execute 

Syntax Instruction Format Time Note 
OUT (n),A 11010011 ——n— 3+0 
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OUTO 
OUTPUT (TO PAGE 0) 


OUTO(n),src src=R 
Operation: (nN) < src 


The byte of data from the source register is loaded into the selected on-chip peripheral. No 
external I/O transaction will be generated as a result of this instruction, although the I/O 
address will appear on the address bus and the write data will appear on the data bus while 
this internal write is occurring. The peripheral address is placed on the low byte of the 
address bus and zeros are placed on all other address lines. 


Flags: S: | Unaffected 
Z Unaffected 
H: Unaffected 
V: Unaffected 
N: | Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: OUTO (n),R 11101101 00-r-001 ——n— 3+0 


Field Encodings: r: per convention 
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OUTA 
OUTPUT DIRECT TO PORT ADDRESS (BYTE) 


OUT (nn),A 
Operation: (nn)h<— A 
The byte of data from the accumulator is loaded into the selected peripheral. During the 


I/O transaction, the peripheral address from the instruction is placed on the address bus. 
Any bytes of address not specified in the instruction are driven on the address lines are all 


zeros. 
Flags: S: | Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
OUTA (nn),A 111011014 11010011 -n(low)- -n(high) 2+0 | 
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OUTAW 


OUTPUT DIRECT TO PORT ADDRESS (WORD) 


Operation: 


Flags: 


Addressing 
Mode 


5-126 


OUT (nn),HL 
(nn) HL(15-0) 


The word of data from the HL register is loaded into the selected peripheral. During the 
I/O transaction, the peripheral address from the instruction is placed on the address bus. 
Any bytes of address not specified in the instruction are driven on the address lines are all 
zeros. 


S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 

Execute 

Syntax Instruction Format Time Note 
OUTAW (nn),HL 11111101 11010011 -n(low)- -n(high) 2+0 | 
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OUTD 
OUTPUT AND DECREMENT (BYTE) 
OUTD 
Operation: B <« B-1 
(C) — (HL) 
HL « HL-1 


This instruction is used for block output of strings of data. During the 1/O transaction the 
32-bit BC register is placed on the address bus. Note that the B register contains the loop 
count for this instruction so that A15-A8 are not useable as part of a fixed port address. The 
decremented B register is used in the address. 


First the B register, used as a counter, is decremented by one. The byte of data from the 
memory location addressed by the HL register is loaded into the selected peripheral. The 
HL register is then decremented by one, thus moving the pointer to the next source for the 


output. 
Flags: S: | Unaffected 
Z: Set if the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 


OUTD 11101101 10101011 2+f+0 


‘ 2380 
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OUTDW | 
OUTPUT AND DECREMENT (WORD). 
OUTDW 
Operation: BC(15-0) < BC(15-0) - 1 
(DE) < (HL) 
HL « HL-2 


This instruction is used for block output of strings of data. During the I/O transaction the 32- 
bit DE register is placed on the address bus. 


First the BC register, used as a counter, is decremented by one. The word of data from the 
memory location addressed by the HL register is loaded into the selected peripheral. The 
HL register is then decremented by two, thus moving the pointer to the next source for the 
output. 


Unaffected 

Set if the result of decrementing BC is zero; cleared otherwise 
Unaffected 

Unaffected 

Set 

Unaffected 


Flags: 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
OUTDW 11101101 11101011 2+r+O 
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Operation: 


Flags: 


Addressing 
Mode 


OUTI 


OUTPUT AND INCREMENT (BYTE) 


OUT 


B ¢ B-1 
(C) — (HL) 
HL <— HL+1 


This instruction is used for block output of strings of data. During the I/O transaction the 32- 
bit BC register is placed on the address bus. Note that the B register contains the loop count 
for this instruction so that A15-A8 are not useable as part of a fixed port address. The 
decremented B register is used in the address. 


First the B register, used as a counter, is decremented by one. The byte of data from the 
memory location addressed by the HL register is loaded into the selected peripheral. The 
HL register is then incremented by one, thus moving the pointer to the next source for the 
output. 


9: Unaffected 
Z Set if the result of decrementing B is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
OUTI 11101101 10100011 2Q+f+O 
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OUTIW 

OUTPUT AND INCREMENT (WORD) 
OUTIW 

Operation: BC(15-0) «< BC(15-0) -1 
(DE) < (HL) 
HL < HL+2 


This instruction is used for block output of strings of data. During the I/O transaction the 32- 
bit DE register is placed on the address bus. 


First the BC register, used as a counter, is decremented by one. The word of data from the 
memory location addressed by the HL register is loaded into the selected peripheral. The 
HL register is then incremented by two, thus moving the pointer to the next source for the 


output. 
Flags: S: Unaffected 
Z: Set if the result of decrementing BC is zero; cleared otherwise 
H: Unaffected 
V: Unaffected 
N: Set 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 


OUTIW 11101101 11100011 2+r+O 
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POP 
POP ACCUMULATOR 
POP dst dst = AF 
Operation: B < (SP) 
A < (SP+1) 
SP <— SP+2 
if (LW) then begin 
SP — SP+2 
end 
The contents of the memory location addressed by the Stack Pointer (SP) are loaded into 
the destination in ascending byte order from ascending address memory locations. For this 
instruction, the Flag register is the least significant byte, followed by the Accumulator. The 
SP is then incremented by two (by four in the Long Word mode). Note that in the Long Word 
mode only one word is read from memory, although the SP is in fact incremented by four. 
Flags: S: | Loaded from (SP) 
Z: Loaded from (SP) 
H: Loaded from (SP) 
V: Loaded from (SP) 
N: | Loaded from (SP) 
C: Loaded from (SP) 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
POP AF 11110001 Q+r L 
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POP 
POP CONTROL REGISTER 
POP dst dst = SR 
Operation: if (LW) then begin 
dst(6-0) e- (SP) 
dst(15-8)  <— (SP+1) 
dst(23-16) <— (SP+2) 
dst(31-24) <— (SP+3) 
SP e SP + 4 
end 
else begin 
dst(6-0) - (SP) 
dst(15-8) <— (SP+1) 
dst(23-16) <— (SP+1) 
dst(31-24) < (SP+1) 
SP _ SP + 2 
end 


The contents of the memory location addressed by the Stack Pointer (SP) are loaded into 
the destination in ascending byte order from ascending address memory locations. The SP 
is then incremented by two (by four in the Long Word mode). Note that when not in the Long 
Word mode the most significant byte read from memory is also written to the two most 
significant bytes of the SR. Also note that the XM bit is unaffected by this instruction. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: | Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
POP SR 11101101 11000001 3+r L 
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POP 
POP REGISTER 
POP dst dst = R, RX 
Operation: if (LW) then begin 
dst(7-0) € (SP) 
dst(15-8)  <— (SP+1) 
dst(23-16) <— (SP+2) 
dst(31-24) < (SP+3) 
SP - SP +4 
end 
else begin 
dst(7-0) ¢ (SP) 
dst(15-8) < (SP+1) 
SP _ SP +2 
end 


The contents of the memory location addressed by the Stack Pointer (SP) are loaded into 
the destination in ascending byte order from ascending address memory locations. The SP 
is then incremented by two (by four in the Long Word mode). 


Flags: S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 
Addressing Execute 
Mode Syntax instruction Format Time Note 
R: POP R 11rr 0001 1+r L 
RX: POP RX 11y11101 11100001 1+r L 


Field Encodings: rr: OO for BC, 01 for DE, 10 for HL 
y: OQ for IX, 1 for lY 
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PUSH 
PUSH ACCUMULATOR 


PUSH src src = AF 


Operation: if (LW) then begin 
SP < SP-4 
(SP) «¢ F 
(SP+1) — A 
(SP+2) — OOh 
(SP+3) <— OOh 


end 

else begin 
SP ¢ SP-2 
(SP) «¢ F 
(SP+1) — A 
end 


The Stack Pointer (SP) is decremented by two (by four in Long Word mode) and the source 
is loaded into the memory locations addressed by the SP in ascending byte order in 
ascending address memory locations. For this instruction, the Flag register is the least 
significant byte, followed by the Accumulator. The other two bytes written in the Long Word 
mode are all zeros. The Flag register and Accumulator are unaffected. 


Unaffected 
Unaffected 
Unaffected 
Unatfected 
Unaffected 
Unaffected 


Flags: 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
PUSH AF 11110101 3+W L 


< 2380™ 


PUSH 
PUSH CONTROL REGISTER 


PUSH src src = SR 


Operation: if (LW) then begin 
SP « SP-4 
(SP) ©. src(7-0) 
(SP+1) — src(15-8) 
(SP+2) <— src(23-16) 
(SP+3) — src(31-24) 
end 

else begin 

SP «+ SP-2 
(SP) © src(7-0) 
(SP+1) —  src(15-8) 


The Stack Pointer (SP) is decremented by two (by four in Long Word mode) and the source 
is loaded into the memory locations addressed by the SP in ascending byte order in 
ascending address memory locations. The contents of the source are unaffected. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Flags: 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
PUSH SR 11101101 11000101 3+W L 
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PUSH 
PUSH IMMEDIATE 


PUSH src src = IM 


Operation: if (LW) then begin 
SP « SP-4 
(SP) ©. src(7-0) 
(SP+1) <— src(15-8) 


(SP+2) <— src(23-16) 
(SP+3) — src(31-24) 
end 

else begin 
oP €< SP-2 
(SP) ©. src(7-0) 
(SP+1) <— src(15-8) 
end 


The Stack Pointer (SP) is decremented by two (by four in Long Word mode) and the source 
is loaded into the memory locations addressed by the SP in ascending byte order in 
ascending address memory locations. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 
Addressing 
Mode Syntax Instruction Format 
IM: PUSH nn 11111101 11110101 -n(low)- -n(high) 
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PUSH 
PUSH REGISTER 


PUSH src src = R, RX 


Operation: if (LW) then begin 
SP « SP-4 
(SP) << _ src(7-0) 
(SP+1) <  src(15-8) 
(SP+2) <— src(23-16) 
(SP+3) — src(31-24) 


end 

else begin 
SP «+ SP-2 
(SP) © src(7-0) 
(SP+1) <— src(15-8) 
end 


The Stack Pointer (SP) is decremented by two (by four in Long Word mode) and the source 
is loaded into the memory locations addressed by the SP in ascending byte order in 
ascending address memory locations. The contents of the source are unaffected. 


Flags: S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: PUSH R 11rr0101 3+W L 
RX: PUSH RX 11y11101 11100101 3+Ww L 


Field Encodings: rr: OO for BC, 01 for DE, 10 for HL 
y: O for IX, 1 for IY 
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RES 
RESET BIT 


RES b, dst dst = R, IR, X 


Operation: dst(ob) < O 


The specified bit b within the destination operand is cleared to 0. The other bits in the 
destination are unaffected. The bit to be reset is specified by a 3-bit field in the instruction; 
this field contains the binary encoding for the bit number to be cleared. The bit number b 


must be between 0 and 7. 


Flags: S: Unaffected 

Z: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 
Addressing 
Mode Syntax Instruction Format 
R: RES b,R 11001011 10bbb -r- 
IR: RES b,(HL) 11001011 10bbb110 
X: RES b,(XY+q) 11y11101 11001011 ——d— 10bbb110 


Field Encodings: r: per convention 
y: O for IX, 1 for lY 


Execute 

Time Note 
2 

o+r 

4+r 


™ 
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RESC 
RESET CONTROL BIT 


RESC mode mode = LCK, LW 


Operation: if (mode = LCK) then begin 
SR(1) <— O 
end 
else begin 
SR(6) < O 
end 


When reseting Lock mode (LCk), the LCK bit (bit 1) in the Select Register (SR) is set to O, 
enabling external bus requests. Note that these requests cannot be granted until after the 
instruction has been executed, and that one or more of the succeeding instructions may also 
have been fetched for decoding before this instruction has been executed. 


When reseting Long Word mode (LW), the LW bit (bit 6) in the SR is set to 0, selecting 16- 
bit words. When using 16-bit words, all word load operations transfer 16 bits. 


Flags: S: | Unaffected 
Ze Unaffected 
H: Unaffected 
V: Unatfected 
N: Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
RESC mode 44mm17101 14111111 4 


Field Encodings: mm: 01 for LW, 10 for LCK 


RET 
RETURN 


RET [cc] 


Operation: if (cc is TRUE) then begin 
if (XM) then begin 


PC(7-0) ce (SP) 
PC(15-8) _ (SP+1) 
PC(23-16) e (SP+2) 
PC(31-24) e (SP+3) 
SP e SP + 4 
end 

else begin 
PC(7-0) _ (SP) 
PC(15-8) — (SP+1) 
SP e SP +2 
end 

end 


This instruction is used to return to a previously executing procedure at the end of a 
procedure entered by a Call instruction. For a conditional return, one of the Zero, Carry, Sign, 
or Parity/Overflow flags is checked to see if its setting matches the condition code “cc” 
encoded in the instruction; if the condition is not satisfied, the instruction following the Return 
instruction is executed, otherwise a value is popped from the stack and loaded into the 
Program Counter (PC), thereby specifying the location of the next instruction to be executed. 
For an unconditional return, the return is always taken and a condition code is not specified. 


This instruction is also used to return to a previously executing procedure at the end of a 
procedure entered by an interrupt in the assigned vectors mode, if Z80 family peripherals 
are used external to the Z380 MPU. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: | Unaffected 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
RET CC 11-ccO000 note X 
RET 11001001 a+r X 


Field Encodings: cc: 000 for NZ, 001 for Z, 010 for NC, 011 for C, 
100 for PO/NV, 101 for PE/V, 110 for P/NS, 111 for M/S 


Note: 2 if CC is false, 2+r if CC is true 
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RETB 
RETURN FROM BREAKPOINT 


Operation: PC (81-0) «SPC (31-0) 


This instruction is used to return to a previously executing procedure at the end of a 
breakpoint. The contents of the Shadow Program Counter (SPC), which holds the address 
of the next instruction of the previously executing procedure, are loaded into the Program 
Counter (PC). 


Note that maskable interrupts (if IEF1 is set) and non-maskable interrupt are enabled after 
the instruction following RETB is executed. 


Flags: S: Unaffected 
Z: Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 


Addressing Execute 
Moce Syntax Instruction Format Time Note 
RETB 11101101 01010101 2 
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RETI 
RETURN FROM INTERRUPT 
RETI 
Operation: if (XM) then begin 
PC(7-0) on (SP) 
PC(15-8) © (SP+1) 
PC(23-16) <— (SP+2) 
PC(31-24) <— (SP+3) 
SP — SP +4 
end 
else begin 
PC(7-0) aH (SP) 
PC(15-8) «— (SP+1) 
SP - OF ae 
end 


This instruction is used to return to a previously executing procedure at the end of a 
procedure entered by an interrupt. The contents of the location addressed by the Stack 
Pointer (SP) are popped into the Program Counter (PC), thereby specifying the location of 
the next instruction to be executed. A special sequence of bus transactions is performed 
when this instruction is executed in order to control Z80 family peripherals; see the 
description of the external interface for more details. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Flags: 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
RET! 11101101 01001101 +r X 


2380” 


RETN 
RETURN FROM NONMASKABLE INTERRUPT 
RETN 
Operation: if (XM) then begin 
PC(7-0) e (SP) 
PC(15-8) «© (SP+1) 
PC(23-16) <— (SP+2) 
PC(81-24) < (SP+3) 
SP e SP + 4 
end 
else begin 
PC(7-0) oa (SP) 
PC(15-8)  < (SP+1) 
SP < SP +2 
end 
IEF 1 - IEF2 


This instruction is used to return to a previously executing procedure at the end of a 
procedure entered by a nonmaskable interrupt. The contents of the location addressed by 
the Stack Pointer (SP) are popped into the Program Counter (PC), thereby specifying the 
location of the next instruction to be executed. The previous setting of the interrupt enable 
bit is restored by execution of this instruction. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Flags: 


O25 IN 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
RETN 11101101 01000101 Q+r X 
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RL 
ROTATE LEFT (BYTE) 
RL dst dst = R, IR, X 
Operation: tmp < dst 
dst(0) ¢« C 
C < dst(7) 
dst(n+1) << tmp(n) forn=O0to6 
The contents of the destination operand are concatenated with the Carry flag and together 
they are rotated left one bit position. Bit 7 of the destination operand is moved to the Carry 
flag and the Carry flag is moved to bit O of the destination. 
Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Zz: Set if the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit rotated from bit 7 was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: RL R 11001011 00010-r- 2 
IR: RL (HL) 11001011 00010110 Q+r 
X: RL (XY+d) 11y11101 11001011 ——d— 00010110 A+r 


Field Encodings: r: per convention 
y: OQ for IX, 1 for lY 
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RLW 
ROTATE LEFT (WORD) 
RLW dst dst = R, RX, IR, X 
Operation: tmp < dst 
dst(0) <- C 
C < dst(15) 
dst(n+1) << tmp(n) forn=0to 14 


The contents of the destination operand are concatenated with the Carry flag and together 
they are rotated left one bit position. The most significant bit of the destination operand is 
moved to the Carry flag and the Carry flag is moved to bit 0 of the destination. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z:  Setif the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit rotated from the most significant bit was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: RLW R 11101101 11001014 000100rr 2 
RX: RLW RX 11101101 11001011 0001010y 2 
IR: RLW (HL) 11101101 11001011 00010010 2+r 
X: RLW (XY+d) 11y11101 11001011 ——d— 00010010 A4+r | 


Field Encodings: rr: 00 for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 


5-145 


™ 


/ 2380 
A) ILCs USER'S MANUAL 


RLA 
ROTATE LEFT (ACCUMULATOR) 
RLA 
Operation: tmp <- A 
A(O) « C 
C < A(7) 
A(n+1) <— tmp(n) forn =0to6 
The contents of the accumulator are concatenated with the Carry flag and together they are 
rotated left one bit position. Bit 7 of the accumulator is moved to the Carry flag and the Carry 
flag is moved to bit O of the accumulator. 
Flags: S: Unaffected 
Zz Unaffected 
H: Cleared 
ee Unatfected 
N: Cleared 
C: Set if the bit rotated from bit 7 was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
RLA 00010111 2 
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RLC 
ROTATE LEFT CIRCULAR (BYTE) 
RLC dst dst = R, IR, X 
Operation: tmp < dst 
< dst(7) 
dst(0) < tmp(7) 
dst(n+1) < tmp(n)forn=Oto6 


The contents of the destination operand are rotated left one bit position. Bit 7 of the 
destination operand is moved to the bit O position and also replaces the Carry flag. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit rotated from bit 7 was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: RLC R 11001011 00000-r- 2 
IR: RLC (HL) 11001011 00000110 +r 
X: RLC (XY+d) 11y11101 11001011 ——d— 00000110 4+r | 


Field Encodings: r: per convention 
y: OQ for IX, 1 for IY 
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RLCW 
ROTATE LEFT CIRCULAR (WORD) 


RLCW dst dst = R, RX, IR, X 


Operation: tmp < dst 
C < dst(15) 
dst(0) < tmp(15) 
dst(n+1) < tmp(n) forn =O to 14 


The contents of the destination operand are rotated left one bit position. The most significant 
bit of the destination operand is moved to the bit O position and also replaces the Carry flag. 


Flags: S Set if the most significant bit of the result is set; cleared otherwise 

Z Set if the result is zero; cleared otherwise 

H: Cleared 

P: Set if parity of the result is even; cleared otherwise 

N: Cleared 

C Set if the bit rotated from the most significant bit was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: RLCW R 11101101 11001011 O00000rr 2 
RX: RLCW RX 11101101 11001011 0000010y 2 
IR: RLCW (HL) 11101101 11001011 00000010 2+r 
X: RLCW (XY+d) 11y11101 11001011 ——-d— 00000010 4+r 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 
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RLCA 
ROTATE LEFT CIRCULAR (ACCUMULATOR) 
RLCA 
Operation: tmp <A 
C < A(7) 
A(O) <© tmp(7) 


The contents of the accumulator are rotated left one bit position. Bit 7 of the accumulator is 
moved to the bit O position and also replaces the Carry flag. 


Flags: S: | Unaffected 
Z: Unaffected 
H: Cleared 
ee Unaffected 
N: Cleared 
C: Set if the bit rotated from bit 7 was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
RLCA 00000111 2 
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RLD 
ROTATE LEFT DIGIT 


RLD 


Operation: tmp(3-0) <— A(3-0) 
A(3-0) < dst(7-4) 
dst(7-4) < dst(3-0) 
dst(3-0) < tmp(3-0) 


The low digit of the accumulator is logically concatenated to the destination byte whose 
memory address is in the HL register. The resulting three-digit quantity is rotated to the left 
by one BCD digit (four bits). The lower digit of the source is moved to the upper digit of the 
source; the upper digit of the source is moved to the lower digit of the accumulator, and the 
lower digit of the accumulator is moved to the lower digit of the source. The upper digit of 
the accumulator is unaffected. In multiple-digit BCD arithmetic, this instruction can be used 
to shift to the left a string of BCD digits, thus multiplying it by a power of ten. The accumulator 
serves to transfer digits between successive bytes of the string. This is analogous to the use 
of the Carry flag in multiple-precision shifting using the RL instruction. 


Flags: S: Set if the accumulator is negative after the operation; cleared otherwise 
Z: — Set if the accumulator is zero after the operation; cleared otherwise 
H: Cleared 
P: Set if the parity of the accumulator is even after the operation; cleared otherwise 
N: Cleared 
C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
RLD 11101101 01101111 S+r 
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RR 
ROTATE RIGHT (BYTE) 


RR dst dst = R, IR, X 


Operation: tmp << dst 
dst(7) «— C 
C < dst(0) 

dst(n) <— tmp(n+1) forn =Oto6 


The contents of the destination operand are concatenated with the Carry flag and together 
they are rotated right one bit position. Bit 0 of the destination operand is moved to the Carry 
flag and the Carry flag is moved to bit 7 of the destination. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit rotated from bit O was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: RRR 11001011 00011-r- 2 
IR: RR (HL) 11001011 00011110 Q+r 
X: RR (XY+d) 11y11101 11001011 ——d— 00011110 4+r | 


Field Encodings: r: per convention 
y: O for IX, 1 for IY 
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ROTATE RIGHT (WORD) 


Operation: 


Flags: 


Addressing 


RRW dst dst = R, RX, IR, X 


tmp < dst 

C < dst(0) 

dst(15)< C 

dst(n) < tmp(n+1) forn =0Oto 14 


The contents of the destination operand are concatenated with the Carry flag and together 
they are rotated right one bit position. Bit O of the destination operand is moved to the Carry 
flag and the Carry flag is moved to the most significant bit of the destination. 


S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit rotated from bit O was a 1; cleared otherwise 
Execute 
Syntax Instruction Format Time Note 
RRW R 111011071 11001011 000110rr 2 
RRW RX 11101101 11001011 0001110y 2 
RRW (HL) 11101101 11001011 00011010 2+r 
RRW (XY+d) = 11y11101 11001011 ——d— 00011010 4+r | 


Field Encodings: rr: 00 for BC, 01 for DE, 11 for HL 
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RRA 
ROTATE RIGHT (ACCUMULATOR) 
RRA 
Operation: tmp <A 
A(7) €<— C 
C < A(0) 
A(n) << tmp(n+1) forn=0to6 


The contents of the accumulator are concatenated with the Carry flag and together they are 
rotated right one bit position. Bit O of the accumulator is moved to the Carry flag and the Carry 
flag is moved to bit 7 of the accumulator. 


Flags: S: Unaffected 
Z: Unaffected 
H: Cleared 
P: Unaffected 
N: Cleared 
C: Set if the bit rotated from bit O was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
RRA 00011111 2 
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RRC 
ROTATE RIGHT CIRCULAR (BYTE) 
RRC dst dst = R, IR, X 
Operation: tmp <¢ dst 
< dst(0) 
dst(7) <— tmp(0) 


dst(n) < tmp(n+1) forn=Oto6 


The contents of the destination operand are rotated right one bit position. Bit O of the 
destination operand is moved to the bit 7 position and also replaces the Carry flag. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z:  Setif the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit rotated from bit O was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: RRC R 11001011 00001-r- 2 
IR: RRC (HL) 11001011 00001110 Q+r 
X: RRC (XY+d) 11y11101 11001011 ——d— 00001110 4+r | 


Field Encodings: r: per convention 
y: O for IX, 1 for lY 
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RRCW 
ROTATE RIGHT CIRCULAR (WORD) 


RRCW dst dst = R, RX, IR, X 


Operation: tmp ¢ dst 
C < dst(0) 
dst(15) — tmp(0) 
dst(n) < tmp(n+1) forn=0Oto 14 


The contents of the destination operand are rotated right one bit position. Bit O of the 
destination operand is moved to the most significant bit position and also replaces the Carry 


flag. 
Flags: S Set If the most significant bit of the result is set; cleared otherwise 
Z Set if the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C Set if the bit rotated from bit O was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: RRCW R 114101101 11001011 000010rr 2 
RX: RRCW RX 11101101 11001011 00001 10y 2 
IR: RRCW (HL) 11101101 11001011 00001010 Q+r 
x: RRCW (XY+d) 11y11101 110010141 ——d— 00001010 4+r | 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 
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RRCA 
ROTATE RIGHT CIRCULAR (ACCUMULATOR) 
RRCA 
Operation: tmp <- A 
C < A(0) 
A(7)  <_ tmp(0) 
A(n) << tmp(n+1) forn=Oto6 
The contents of the accumulator are rotated right one bit position. Bit O of the accumulator 
is moved to the bit 7 position and also replaces the Carry flag. 
Flags: S: Unaffected 
Z: Unaffected 
H: Cleared 
P: Unaffected 
N: Cleared 
C: Set if the bit rotated from bit O was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
RRCA 00001111 2 
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Operation: 


Flags: 


Addressing 
Mode 


RRD 


ROTATE RIGHT DIGIT 


RRD 


tmp(8-0) << A(3-0) 

A(3-0) < dst(3-0) 
dst(3-0) < dst(7-4) 
dst(7-4) < tmp(3-0) 


The low digit of the accumulator is logically concatenated to the destination byte whose 
memory address is in the HL register. The resulting three-digit quantity is rotated to the right 
by one BCD digit (four bits). The upper digit of the source is moved to the lower digit of the 
source; the lower digit of the source is moved to the lower digit of the accumulator, and the 
lower digit of the accumulator is moved to the upper digit of the source. The upper digit of 
the accumulator is unaffected. In multiple-digit BCD arithmetic, this instruction can be used 
to shift to the right a string of BCD digits, thus dividing it by a power of ten. The accumulator 
serves to transfer digits between successive bytes of the string. This is analogous to the use 
of the Carry flag in multiple-precision shifting using the RR instruction. 


S: | Set if the accumulator is negative after the operation; cleared otherwise 
Z: — Set if the accumulator is zero after the operation; cleared otherwise 
H: Cleared 
P: Set if the parity of the accumulator is even after the operation; cleared otherwise 
N: Cleared 
C: Unaffected 
Execute 
Syntax Instruction Format Time Note 
RRD 11101101 01100111 S+r 
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RST 


RESTART 
RST address 

Operation: if (XM) then begin 
SP « SP-4 
(SP) << PC(7- . 
(SP+1) <— 
(SP+2) <— 
(SP+3) < 
end 

else begin 


a 
PC(23-16) 
PC(31-24) 


SP -2 
PC(7-0) 
PC(15-8) 


«< address 


The current Program Counter (PC) is pushed onto the stack and the PC is loaded with a 
constant address encoded in the instruction. Execution then begins at this address. The 
restart instruction allows for a call to one of eight fixed locations as shown in the table below. 
The table also indicates the encoding of the address used in the instruction encoding. (The 
address is in hexadecimal, the encoding in binary.) 


Address 

OO00CO0000h 
OQO000008h 
00000010h 
0000001 8h 
00000020h 
O00000028h 
00000030h 
OO000038h 


t encoding 


S: Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Unaffected 


Flags: 


Execute 
Time 
4+w 


Addressing 


Mode Instruction Format Note 


11-t-111 


Syntax 
RST address 


000 for OOh, 001 for O8h, 010 for 10h, 011 for 18h, 
100 for 20h, 101 for 28h, 110 for 30h, 111 for 38h 


Field Encodings: 
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SBC 
SUBTRACT WITH CARRY (BYTE) 


SBC A,src src = R, RX, IM, IR, X 
Operation: A €© A-src-C 
The source operand together with the Carry flag is subtracted from the accumulator and the 


difference is stored in the accumulator. The contents of the source are unaffected. Two's 
complement subtraction is performed. 


Flags: S: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Set if there is a borrow from bit 4 of the result; cleared otherwise 
V:  Setif arithmetic overflow occurs, that is, if the operands are of different signs and the 
result is of the same sign as the source; cleared otherwise 
N: Set 
C: Set if there is a borrow from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SBC A,R 1001 1-r- 2 
RX: SBC A,RX 11y11101 1001110w 2 
IM: SBC A,n 11011110 ——n— 2 
IR: SBC A,(HL) 10011110 Q+r 
X: SBC A,(XY+d) 11y11101 10011110 ——d— At+r | 


Field Encodings: rf: per convention 
y: O for IX, 1 for IY 
w: O for high byte, 1 for low byte 


5-159 


T™ 


= 2380 
A) Pad | USER'S MANUAL 


SBC 
SUBTRACT WITH CARRY (WORD) 


SBC HL,src dst = HL 
src = BC, DE, HL, SP 


Operation: HL(15-0) < HL(15-0) - src(15-0) - C 
The source operand together with the Carry flag is subtracted from the HL register and the 


difference is stored in the HL register. The contents of the source are unaffected. Two's 
complement subtraction is performed. 


Flags: S: Set if the result is negative; cleared otherwise 

Z: Set if the result is zero; cleared otherwise 

H: Set if there is a borrow from bit 12 of the result; cleared otherwise 

V:  Setif arithmetic overflow occurs, that is, if the operands are of different signs and the 

result is of the same sign as the the source; cleared otherwise 

N: Set 

C: Set if there is a borrow from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SBC HL,R 11101101 O1rr0010 2 


Field Encodings: rr: OO for BC, 01 for DE, 10 for HL, 11 for SP 
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SBCW 
SUBTRACT WITH CARRY (WORD) 


SBCW [HL,]src src = R, RX, IM, X 


Operation: HL(15-0) — HL(15-0) - src(15-0) - C 


The source operand together with the Carry flag is subtracted from the HL register and the 
difference is stored in the HL register. The contents of the source are unaffected. Two's 
complement subtraction is performed. 


Flags: S: Set if the result is negative; cleared otherwise 
Z:  Setif the result is zero; cleared otherwise 
H: Set if there is a borrow from bit 12 of the result; cleared otherwise 
V:  Setif arithmetic overflow occurs, that is, if the operands are of different signs and the 
result is of the same sign as the source; cleared otherwise 
N: Set 
C: Set if there is a borrow from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SBCW [HL,]R 11101101 10011 14rr 2 
RX: SBCW [HL,]RX 11y11101 10011114 2 
IM: SBCW [HL,]nn 11101101 10011110 -n(low) -n(high)- 2 
X: SBCW [HL,](XY+d) = 11y11101 11011110 ——d— A4+r | 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 
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SCF 
SET CARRY FLAG 


SCF 
Operation: Ce 1 
The Carry flag is set to 1. 


Unaffected 
Unaffected 
Cleared 
Unaffected 
Cleared 
Set 


Flags: 


Addressing 
Mode Syntax Instruction Format 
SCF 00110111 
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Execute 
Time Note 
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SET 
SET BIT 


SET b, dst dst = R, IR, X 
Operation: dst(b) < 1 
The specified bit b within the destination operand is set to 1. The other bits in the destination 


are unaffected. The bit to be set is specified by a 3-bit field in the instruction; this field 
contains the binary encoding for the bit number to be set. The bit number b must be between 


O and 7. 
Flags: 9: Unaffected 

Zz: Unaffected 

H: Unaffected 

V: Unaffected 

N: Unaffected 

C: Unaffected 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SET b,R 11001011 11bbb -r- 2 
IR: SET b,(HL) 11001011 11bbb110 Q+r 
X: SET b,(XY+d) 11y11101 11001011 ——d— 11bbb110 4+r | 
Field Encodings: r: per convention 

y: O for IX, 1 for IY 
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SETC 
SET CONTROL BIT 
SETC mode mode = LCK, LW, XM 


Operation: if (mode = LCK) then begin 


SR(1) <— 1 
end 
else if (mode = LW) then begin 
SR(6) < 1 
end 
else begin 
SR(7) < 1 
end 


When setting Lock mode (LCK), the LCK bit (bit 1) in the Select Register (SR) is set to 1, 
disabling external bus requests. Note that bus requests are not disabled until after this 
instruction has been executed, and that one or more of the succeeding instructions may also 
have been fetched for decoding before this instruction has been executed. 


When setting Long Word mode (LW), the LW bit (bit 6) in the SR is set to 1, selecting 32-bit 
words. When using 32-bit words, all word load instructions transfer 32 bits. 


When setting Extended mode (XM), the XM bit (bit 7) inthe SR is setto 1, selecting addresses 
modulo 4,294,967 ,296 (32 bits) as opposed to addresses modulo 65536 (16 bits) in Native 
mode. In Extended mode CALL and RETurn instructions save and restore 32 bit PC values 
to and from the stack, and the PC pushed to the stack in response to an interrupt is 32 bits. 
In Extended mode, address manipulation instructions such as INCrement, DECrement, 
ADD, and Jump Relative (JR) employ 32-bit addresses. Note that it is not possible to exit 
from Extended mode except via reset. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Flags: 


Addressing Execute 
Mode Syntax Instruction Format Time Note 
SETC mode 14mm1107 11110111 4 


Field Encodings: mm: 01 for LW, 10 for LCK, 11 for XM 


5-164 


/ 2380 
A) 2ilLdis USER'S MANUAL 


SLA 
SHIFT LEFT ARITHMETIC (BYTE) 


SLA dst dst = R, IR, X 
Operation: tmp < dst 

C < dst(7) 

dst(0) <¢ 0 

dst(n+1) << tmp(n) forn=Oto6é 


The contents of the destination operand are shifted left one bit position. Bit 7 of the 
destination operand is moved to the Carry flag and zero is shifted into bit O of the destination. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit shifted from bit 7 was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax instruction Format Time Note 
R: SLA R 11001011 00100-r- 2 
IR: SLA (HL) 11001011 00100110 Q+r 
X: SLA (XY+d) 11y11101 11001011 ——d— 00100110 4+r | 


Field Encodings: r: per convention 
y: Ofor IX, 1 for lY 
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SLAW 
SHIFT LEFT ARITHMETIC (WORD) 


SLAW dst dst = R, RX, IR, X 


Operation: tmp < dst 
dst(0) < 0 
C < dst(15) 
dst(n+1) © tmp(n) forn =0to 14 


The contents of the destination operand are shifted left one bit position. The most significant 
bit of the destination operand is moved to the Carry flag and zero is shifted into bit O of the 


destination. 
Flags: S: Set if the most significant bit of the result is set; cleared otherwise 

Z: Set if the result is zero; cleared otherwise 

H: Cleared 

P: Set if parity of the result is even; cleared otherwise 

N: Cleared 

C: Set if the bit shifted from the most significant bit was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SLAW R 11101101 110010174 001000rr 2 
RX: SLAW RX 11101101 11001071 0010010y 2 
IR: SLAW (HL) 11101101 11001011 00100010 Q+r 
X: SLAW (XY+d) 11y11101 11001011 ——d— 00100010 A4+r 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: OQ for IX, 1 for lY 
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Operation: 


Flags: 


Addressing 
Mode 


SLP 


if (STBY not enabled) then 
CPU Halts 

else 
Z380 enters Standby mode 


With Standby mode disabled, this instruction is interpreted and executed as a HALT 
instruction. 


With Standby mode enabled, executing this instruction causes all device operation to stop, 
thus minimizing power dissipation. The /STNBY signal is asserted to indicate this Standby 
mode status. /STNBY remains asserted until an interrupt or reset request is accepted, which 
causes the device to exit Standby mode. If the option is enabled, an external bus request 
also causes the devcie to exit the Standby mode. 


Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 
Unaffected 


Execute 
Syntax Instruction Format Time Note 
SLP 11101101 01110110 2 


SLP 
SLEEP 
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SRA 
SHIFT RIGHT ARITHMETIC (BYTE) 
SRA dst dst = R, IR, X 
Operation: tmp <¢ dst 
C < dst(0) 
dst(7) < tmp(7) 
dst(n) < tmp(n+1) forn=O0to6 
The.contents of the destination operand are shifted right one bit position. Bit O of the 
destination operand is moved to the Carry flag and bit 7 remains unchanged. 
Flags: S: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit shifted from bit O was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SRA R 11001011 00101-r- 2 
IR: SRA (HL) 11001011 00101110 2+r 
X: SRA (XY+d) 11y11101 11001011 ——d— 00101110 4+r | 


Field Encodings: fr: per convention 
y: O for IX, 1 for lY 
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SRAW 
SHIFT RIGHT ARITHMETIC (WORD) 


SRAW ast dst = R, RX, IR, X 


Operation: tmp << dst 
C < dst(0) 
dst(15) <— tmp(15) 
dst(n) < tmp(n+1) forn =0 to 14 


The contents of the destination operand are shifted right one bit position. Bit O of the 
destination operand is moved to the Carry flag and the most significant bit remains 


unchanged. 
Flags: S: Set if the result is negative; cleared otherwise 
Z:  Setif the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit shifted from bit O was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SRAW R 11101107 11001011 001010rr 2 
RX: SRAW RX 11101101 11001011 00101 10y 2 
IR: SRAW (HL) 11101101 11001011 00101010 2+r 
X: SRAW (XY+d) —-11y11101 11001011 ——d— 00101010 A4+r | 


Field Encodings: rr: 00 for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 
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SRL 
SHIFT RIGHT LOGICAL (BYTE) 
SRL dst dst = R, IR, X 
Operation: tmp ¢ dst 
C «+ dst(0) 
dst(7) < O 
dst(n) < tmp(n+1) forn=Oto6 
The contents of the destination operand are shifted right one bit position. Bit O of the 
destination operand is moved to the Carry flag and zero is shifted into bit 7 of the destination. 
Flags: S: Cleared 
Z: Set if the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C: Set if the bit shifted from bit O was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax instruction Format Time Note 
R: SRL R 11001011 00111-r- 2 
IR: SRL (HL) 11001011 00111110 2+r 
X: SRL (XY+d) 11y141101 11001011 ——d— 00111110 A+r | 


Field Encodings: r: per convention 
y: O for IX, 1 for lY 
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SRLW 
SHIFT RIGHT LOGICAL (WORD) 


SRLW dst dst = R, RX, IR, X 


Operation: tmp < dst 
C < dst(0) 
dst(15) <— O 


dst(n) <— tmp(n+1) forn =Oto 14 


The contents of the destination operand are shifted right one bit position. Bit O of the 
destination operand is moved to the Carry flag and zero is shifted into the most significant 
bit of the destination. 


Flags: S: Cleared 
Zz Set if the result is zero; cleared otherwise 
H: Cleared 
P: Set if parity of the result is even; cleared otherwise 
N: Cleared 
C:  Setif the bit shifted from bit O was a 1; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SRLW R 11101101 11001011 001110rr 2 
RX: SRLW RX 11101101 11001011 00117110y 2 
IR: SRLW (HL) 11101101 11001011 00111010 2+ 
X: SRLW (XY+d) = 11y11101 11001011 ——d— 00111010 4+r | 


Field Encodings: rr: 00 for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for IY 
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SUB 
SUBTRACT (BYTE) 
SUB A,src src = R, RX, IM, IR, X 
Operation: A ¢€ A-src 
The source operand is subtracted from the accumulator and the difference is stored in the 
accumulator. The contents of the source are unaffected. Two's complement subtraction is 
performed. 
Flags: S: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Set if there is a borrow from bit 4 of the result; cleared otherwise 
V: Set if arithmetic overflow occurs, that is, if the operands are of different signs and the 
result is of the same sign as the source; cleared otherwise 
N: Set 
C: Set if there is a borrow from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SUB A,R 10010-r- 2 
RX: SUB A,RX 11y11101 1001010w 2 
IM: SUB A,n 11010110 ——n— 2 
IR: SUB A,(HL) 10010110 Q+r 
X: SUB A,(XY+d)  11y11101 10010110 ——d— A+r | 


Field Encodings: r: per convention 
y: O for IX, 1 for IY 
w: O for high byte, 1 for low byte 
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Operation: 


Flags: 


Addressing 
Mode 
DA: 


SUB 


SUBTRACT (WORD) 


SUB HL,src src = DA 


if (XM) then begin 
HL(31-0) <— HL(31-0) - src(31-0) 
end 

else begin 
HL(15-0)  <& HL(15-0) - src(15-0) 
end 


The source operand is subtracted from the HL register and the difference is stored in the 
HL register. The contents of the source are unaffected. Two's complement subtraction is 
performed. Note that the length of the operand is controlled by the Extended/Native mode 
selection, which is consistent with the manipulation of an address by the instruction. 


S: | Unaffected 

Z: Unaffected 

H: Set if there is a borrow from bit 12 of the result; cleared otherwise 

V: Unaffected 

N: Set 

C: Set if there is a borrow from the most significant bit of the result; cleared otherwise 
Execute 

Syntax Instruction Format Time Note 

SUB HL,(nn) 11101101 11010110 -n(low)- -n(high) Q+r |, X 
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SUB 
SUBTRACT FROM STACK POINTER (WORD) 


SUB SP,src src = IM 


Operation: if (XM) then begin 
SP(31-0) < SP(31-0) — src(31-0) 
end 
else begin 
SP(15-0) <& SP(15-0) — src(15-0) 
end 


The source operand is subtracted from the SP register and the difference is stored in the SP 
register. This has the effect of allocating or deallocating space on the stack. Two's 
complement subtraction is performed. 


Flags: S: Unaffected 

LZ: Unaffected 

H: Set if there is a borrow from bit 12 of the result; cleared otherwise 

V: Unaffected 

N: Set 

C: Set if there is a borrow from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
IM: SUB SP,nn 11101101 10010010 -n(low)- -n(high) 2 I, X 
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SUBW 
SUBTRACT (WORD) 
SUBW [HL,]src src = R, RX, IM, X 
Operation: HL(15-0) << WHL(15-0) - src(15-0) 
The source operand is subtracted from the HL register and the difference is stored in the 
HL register. The contents of the source are unaffected. Two's complement subtraction is 
performed. 
Flags: 3: Set if the result is negative; cleared otherwise 
Z: Set if the result is zero; cleared otherwise 
H: Set if there is a borrow from bit 12 of the result; cleared otherwise 
V: Set if arithmetic overflow occurs, that is, if the operands are of different signs and the 
result is of the same sign as the source; cleared otherwise 
N: Set 
C: Set if there is a borrow from the most significant bit of the result; cleared otherwise 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: SUBW [HL,]R 11101107 10010%rr 2 
RX: SUBW [HL,]RX 11y11101 10010111 2 
IM: SUBW [HL,]nn 11101101 10010110 -n(low)- n(high)- 2 
X: SUBW [HL,](XY¥+d) 17y11101 11010110 ——d— Q+r 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for lY 
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SWAP 


SWAP UPPER REGISTER WORD WITH LOWER REGISTER WORD 


SWAP src 


Operation: src(31-16) << src(15-0) 


src = R, RX 


The contents of the most significant word of the source are exchanged with the contents of 


the least significant word of the source. 


Flags: Ss: Unaffected 
Zz Unaffected 
H: Unaffected 
V: Unaffected 
N: Unaffected 
C: Unaffected 

Addressing 

Mode Syntax 

R: SWAP R 

RX: SWAP RX 


Field Encodings: 
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: 00 for BC, 01 for DE, 11 for HL 
y: O for IX, 1 for IY 


instruction Format 
11101101 OOrr1110 
11y11101 001117110 


Execute 

Time Note 
2 
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TST 
TEST (BYTE) 


TST src src = R, IM, IR 
Operation: A AND src 
A logical AND operation is performed between the corresponding bits of the source operand 


and the accumulator. The contents of both the accumulator and the source are unaffected; 
only the flags are modified as a result of this instruction. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if all bits of the result are zero; cleared otherwise 
H: Set 
P: Set if the parity is even; cleared otherwise 
N: Cleared 
C: Cleared 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: TST R 11101101 00-r-100 2 
IM: TST n 11101101 01100100 ——n— 2 
IR: TST (HL) 11101101 00110100 2+r 


Field Encodings: r: per convention 
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TSTIO 
TEST I/O PORT 


TSTIO src src = IM 
Operation: (C) AND src 


A logical AND operation is performed between the corresponding bits of the source and the 
contents of the I/O location. The contents of both the I/O location and the source are 
unaffected; only the flags are modified as a result of this instruction. No external |/O 
transaction will be generated as a result of this instruction, although the I/O address will 
appear on the adress bus while the internal read is occurring. The peripheral address in the 
C register is placed on the low byte of the address bus and zeros are placed on all other 
address lines. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if all bits of the result are zero; cleared otherwise 
H: Set 
Py Set if the parity is even; cleared otherwise 
N: Cleared 
C: Cleared 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
TSTIO n 11101101 01110100 ——n— 3+i 
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XOR 
EXCLUSIVE OR (BYTE) 


XOR [A, |src src = R, RX, IM, IR, X 

Operation: A «© AXOR src 
A logical EXCLUSIVE OR operation is performed between the corresponding bits of the 
source operand and the accumulator and the result is stored in the accumulator. A 1 bit is 


stored wherever the corresponding bits in the two operands are different; otherwise a 0 bit 
is stored. The contents of the source are unaffected. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: Set if all bits of the result are zero; cleared otherwise 
H: Cleared 
P: Set if the parity is even; cleared otherwise 
N: Cleared 
C: Cleared 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: XOR [A,]R 10101-r- 2 
RX: XOR [A,]RX 11y11101 1010110w 2 
IM: XOR [A, Jn 11101110 ——n— 2 
IR: XOR [A, ](HL) 10101110 Q+r 
X: XOR [A, ](XY+d) 11y11101 10101110 ——d— A+r | 


Field Encodings: r: per convention 
y: O for IX, 1 for lY 
w: O for high byte, 1 for low byte 
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XORW 
EXCLUSIVE OR (WORD) 


XORW [HL, ]src src = R, RX, IM, X 

Operation: HL(15-0) < HL(15-0) XOR src(15-0) 
A logical EXCLUSIVE OR operation is performed between the corresponding bits of the 
source operand and the HL register and the result is stored in the HL register. A 1 bitis stored 


wherever the corresponding bits in the two operands are different; otherwise aO bitis stored. 
The.contents of the source are unaffected. 


Flags: S: Set if the most significant bit of the result is set; cleared otherwise 
Z: cet if all bits of the result are zero; cleared otherwise 
H: Cleared 
Pe Set if the parity is even; cleared otherwise 
N: Cleared 
C: Cleared 
Addressing Execute 
Mode Syntax Instruction Format Time Note 
R: XORW [HL,]R 11101107 10101 %rr 2 
RX: XORW [HL,]RX 11y11101 10101111 2 
IM: XORW [HL,]nn 11101101 10101110 -n(low) -n(high)- 2 
X: XORW [HL, ](XY¥+q) 141y11101 11101110 ——d— 4+r | 


Field Encodings: rr: OO for BC, 01 for DE, 11 for HL 
y: Ofor IX, 7 for lY 
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6.1 INTRODUCTION 


Exceptions are conditions that can alter the normal flow of 
program execution. The Z380™ CPU supports three kinds 
of exceptions; interrupts, traps, and resets. 


Interrupts are asynchronous events generated by a device 
external to the CPU; peripheral devices use interrupts to 
request service from the CPU. Traps are synchronous 
events generated internally in the CPU by a particular 
condition that can occur during the attempted execution of 
an instruction—in particular, wnen executing undefined 
instructions. Thus, the difference between Traps and Inter- 
rupts is their origin. A Trap condition is always reproduc- 
ible by re-executing the program that created the Trap, 
whereas an Interrupt is generally independent of the 
currently executing task. 


6.2 INTERRUPTS 


Of the five external Interrupt inputs provided, one is as- 
signed as a Nonmaskable Interrupt, /NMI. The remaining 
inputs, /INT3-/INTO, are four asynchronous maskable In- 
terrupt requests. 


The Nonmaskable Interrupt; (NMI) is an Interrupt that 
cannot be disabled (masked) by software. Typically NMIis 
reserved for high priority external events that need imme- 
diate attention, such as an imminent power failure. Maskable 
Interrupts are Interrupts that can be disabled (masked) 
through software by cleaning the appropriate bits in the 
Interrupt Enable Register (IER) and IEF1 bit in the Select 
Register (SR). 


All of these four maskable Interrupt inputs (/INT3-/INTO) 
are external input signals to the Z380 CPU core. The four 
Interrupt enable bits in the Interrupt Enable Register deter- 
mine (IER; Internal [/O address: 17H) which of the re- 
quested Interrupts are accepted. Each Interrupt input has 
a fixed priority, with /INTO as the highest and /INT3 as the 
lowest. 


The Enable Interrupt (El) instruction is used to selectively 
enable the maskable Interrupts (by setting the appropriate 
bits in the IER register and IEF1 bit in the SR register) and 
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GHAPTER 6 
INTERRUPTS AND TRAPS 


A hardware reset overrides all other conditions, including 
Interrupts and Traps. It occurs when the /RESET line is 
activated and causes certain CPU control registers to be 
initialized. Resets are discussed in detail in Chapter 7. 


The Z380 MPU's Interrupt and Trap structure provides 
compatibility with the existing Z80 and Z180 MPU’s with 
the following exception—the undefined opcode Trap oc- 
currence is with respect to the Z380 instruction set, and its 
response is improved (vs the Z180) to make Trap handling 
easier. The Z380 MPU also offers additional features to 
enhance flexibility in system design. 


the Disable Interrupt instruction is used to selectively 
disable interrupts (by clearing appropriate bits in the IER, 
and/or clearing IEF1 bit in the SR register). When an 
Interrupt source has been disabled, the CPU ignores any 
request from that source. Because maskable Interrupt 
requests are not retained by the CPU, the request signal on 


a maskable Interrupt line must be asserted until the CPU /@g-=s 


acknowledges the request. 


When enabling Interrupts with the El instruction, all 
maskable Interrupts are automatically disabled (whether 
previously enabled or not) for the duration of the execution 
of the El instruction and the instruction immediately follow- 


ing. 


Interrupts are always accepted between instructions. The 
block move, block search, and block I/O instructions can 
be interrupted after any iteration. 


The 2380 CPU has four selectable modes for handling 
externally generated Interrupts, using the IM instruction. 
The first three modes extend the Z80 CPU Interrupt Modes 
to accommodate the Z380 CPU's additional Interrupt in- 
puts in a compatible fashion. The fourth mode allows more 
flexibility in interrupt handling. 


6.2 INTERRUPTS (Continued) 

In an Interrupt acknowledge transaction, address outputs 
A31-A4 are driven to logic 1. One output among A3-A0 is 
driven to logic 0 to indicate the maskable interrupt request 


being acknowledged. If /INTO is being acknowledged, A3- 
Ai are at logic 1 and AO is at logic 0. 


For the maskable Interrupt on /INTO input, Interrupt Modes 
O through 3 are supported. Modes 0, 1, and 2 have the 
same schemes as those in the Z80 and Z180 MPU’s. Mode 
3 is similar to mode 2, except that 16-bit Interrupt vectors 
are expected from the I/O devices. Note that 8-bit and 16- 
bit |/O devices can be intermixed in this mode by having 
external pull-up resistors at the data bus signals D15-D8, 
for example. 


The external maskable Interrupt requests /INT3-/INT1 are 
always handled in an assigned Interrupt vectors mode 
regardless of the current Interrupt Mode (IM3-IMO) in 
effect. 


As discussed in the CPU Architecture section, the Z380 
MPU can operate in either the Native or Extended mode. 
In Native mode, pushing and popping of the stack to save 
and retrieve interrupted PC values in Interrupt handling are 
done in 16-bit sizes, and the Stack Pointer rolls over at the 
64 Kbyte boundary. In Extended mode, the PC pushes and 
pops are done in 32-bit sizes, and the Stack Pointer rolls 
over at the 4 Gbyte memory space boundary. The Z380 


6.2.2 Interrupt Control 


The Z380 MPU’s flags and registers associated with Inter- 
rupt processing are listed in Table 6-2. As discussed in the 
Chapter 1, “CPU Architecture,” some of these registers 
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MPU provides an Interrupt Register Extension, whose 
contents are always output as the address bus signals 
A31-A16 when fetching the starting addresses of service 
routines from memory in Interrupt Modes 2, 3, and the 
assigned vectors mode. In Native mode, such fetches are 
automatically done in 16-bit sizes and in Extended mode, 
in 32-bit sizes. These starting addresses should be even- 
aligned in memory locations. That is, their least significant 
bytes should have addresses with AO = 0. 


6.2.1 Interrupt Priority Ranking 


The Z380 MPU assigns a fixed priority ranking to handle its 
Interrupt sources, as shown in Table 6-1. 


Table 6-1. Interrupt Priority Ranking 


Priority Interrupt Sources 


Highest Trap (undefined opcode) 
/NMI 
/INTO 
/INT1 
/INT2 


Lowest /INT3 


reside in the on-chip I/O address space, and can be 
accessed only with reserved on-chip I/O instructions. 


Table 6-2. Interrupt Flags and Registers 


Names Mnemonics Access Methods 

Interrupt Enable Flags IEF1,IEF2 El and DI Instructions 

Interrupt Register | LD |,A and LD A,| Instructions 

Interrupt Register Extension Iz LD I,HL and LD HL,I Instructions 
(Accessing both Iz and I) 

Interrupt Enable Register IER On-chip I/O Instructions, Address 17H 
El and DI Instruction 

Assigned Vectors Base and Trap Register AVBR On-Chip I/O Instructions, Address 18H 

Trap and Break Register TRPBK On-Chip |/O Instructions, Address 19H 
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6.2.2.1 IEF1, IEF2 

IEF1 controls the overall enabling and disabling of all on- 
chip peripheral and external maskable Interrupt requests. 
If IEF1 is at logic O, all such Interrupts are disabled. The 
ourpose of IEF2 is to correctly manage the occurrence of 
/NMI. When /NMI is acknowledged, the state of IEF1 is 
copied to IEF2 and then IEF1 is cleared to logic O. At the 


end of the /NMI interrupt service routine, execution of the 
Return From Nonmaskable Interrupt instruction, RETN, 
automatically copies the state of IEF2 back to IEF1. This is 
a means to restore the Interrupt enable condition existing 
before the occurrence of /NMI. Table 6-3 summarizes the 
states of IEF1 and IEF2 resulting from various operations. 


Table 6-3. Operation Effects on IEF1 and IEF2 


Inhibits all interrupts except Trap and /NMI. 


IEF1 value copied to IEF2, then IEF1 is cleared. 
Returns from /NMI service routine. 


Returns from Interrupt service routine, Z80 I/O device. 
Returns from service routine, or returns from Interrupt service routine for a 


IEF2 value is copied to P/V Flag. 


Operation IEF1 IEF2 Comments 
/RESET 0 0 
Trap 0 0) Disables interrupt nesting. 
/NMI 0 IEF 1 
RETN IEF2 NC 
/INT3-/INTO 0 0 Disables interrupt nesting. 
RET| NC NC 
RET NC NC 
non-Z80 I/O device. 
E| 1 1 
DI @) 0 
LD A,l or LD R,] NC NC 
LD HL,! or LD HL,R NC NC 


(NC = No Change) 


6.2.2.2 |, | Extend 
The 8-bit Interrupt Register and the 16-bit Interrupt Regis- 
ter Extension are cleared during reset. 


6.2.2.3 Interrupt Enable Register 
D7-D4 Reserved Read as O, should write to as O. 
D3-D0 |E3-IEO (Interrupt Request Enable Flags) 


These flags individually indicate if /INT3, /INT2, /INT1, or 
/INTO is enabled. Note that these flags are conditioned with 
the Enable and Disable Interrupt instructions (with argu- 
ments) (See Figure 6.1). 


IER: 00000017H 
Read Only 


7 0 
= | LL = Des |e fe | 2 | 
0 0 0 0 0 0 0 1 Reset Value 


Encoded Interrupt 
Requests 


Interrupt Requests 
Enable 


Figure 6-1. Interrupt Enable Register 


6.2.2.4 Assigned Vectors Base Register 

D7-D1 AB15-AB9 (Assigned Vectors Base). The Interrupt 
Register Extension, |z, together with AB15-AB9, define the 
base address of the assigned Interrupt vectors table in 
memory space (See Figure 6-2). 


DO Reserved. Read as 0, should write to as O. 


ae 00000018H 


AB15{}AB141AB13 IA AB10 bel] 
To Value 


; aoe 
Program as 0 
Read as 0 


Assigned Vectors 
Base 


Figure 6-2. Assigned Vectors Base Register 
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6.2.2.5 Trap and Break Register 

D7-D2 Reserved. Some of these bits are reserved for 
development support functions. Read as 0, should write to 
as 0. 


D1 TF (Trap on Instruction Fetch). TF goes active to logic 
1 when an undefined opcode fetched in the instruction 
stream is detected. TF can be reset under program control 
by writing it with alogic 0. However, it cannot be written with 
a logic 1. 


DO TV (Trap on Interrupt Vector). TV goes active to logic 1 
when an undefined opcode is returned as a vector in an 
Interrupt acknowledge transaction in mode O. TV can be 
reset under program control by writing it with a logic 0. 
However, it cannot be written with a logic 1 (See Figure 
6-3). 


6.3 TRAP INTERRUPT 


The Z380 MPU generates a Trap when an undefined 
opcode is encountered. The Trap is enabled immediately 
after reset, and itis not maskable. This feature can be used 
to increase software reliability or to implement “extended” 
instructions. An undefined opcode can be fetched from 
the instruction stream, or it can be returned as a vector in 
an Interrupt acknowledge transaction in Interrupt Mode 0. 
When a Trap occurs, the Z380 MPU operates as follows. 


1. TheTFor TV bitin the Assigned Vectors Base and Trap 
Register goes active, to indicate the source of the 
undefined opcode. 


2. Ifthe undefined opcode was fetched from the instruc- 
tion stream, the starting address of the Trap causing 
the instruction is pushed onto the stack. (Note that the 
starting address of decoder directive(s) preceding an 
instruction encoding is considered the starting ad- 
dress of the instruction.) 
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TRPBK: 00000019H 
R/W 


7 0 
-[-}-t-]-]- tel 
0 0 0 0 0 0 Y) O Reset Value 

Trap on 
Interrupt Vector 
Trap on 
Instruction Fetch 
Reserved 
Program as 0 
Read as 0 


Figure 6-3. Trap and Break Register 


If the undefined opcode was a returned Interrupt vector, 
the interrupted PC value is pushed onto the stack. 


3. The states of IEF1 and IEF2 are cleared. 


4. The Z380 MPU commences to fetch and execute 
instructions from address OOOOOOO00H. 


Note that instruction execution resumes at address 0, 
similar to the occurrence of areset. Testing the TF and TV 
bits in the Assigned Vectors Base and Trap Register will 
distinguish the two events. Even if Trap handling is not in 
place, repeated restarts from address 0 is an indicator of 
possible illegal instructions at system debugging. 
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6.4 NONMASKABLE INTERRUPT 


The Nonmaskable Interrupt Input /NMI is edge sensitive, 
with the Z380 MPU internally latching the occurrence of its 
falling edge. When the latched version of /NMI is recog- 
nized, the following operations are performed. 


1. Thelnterrupted PC (Program Counter) value is pushed 
onto the stack. The size of the PC value pushed onto 
the stack depends on Native (one word) or Extended 
mode (two words) in effect. 


2. The state of IEF1 is copied to IEF2, then IEF1 is 
cleared. 


3. The Z380 MPU commences to fetch and execute 
instructions from address OOOOOO66H. 


6.5 INTERRUPT RESPONSE FOR MASKABLE INTERRUPT ON /INTO 


The transactions caused by the Maskable Interrupt on 
/INTO are different depends on the Interrupt Mode in effect 
at the time when the interrupt has been accepted, as 
described below. 


6.5.1 Interrupt Mode 0 Response for 
Maskable Interrupt /INTO 


This mode is similar to the 8080 CPU Interrupt response 
mode. During the Interrupt acknowledge transaction, the 
external I/O device being acknowledged is expected to 
output a vector onto the upper portion of the data bus, D15- 
D8. The Z380 MPU interprets the vector as an instruction 
opcode. IEF1 and IEF2 are reset to logic 0, disabling all 
further maskable interrupt requests. Note that unlike the 
other interrupt responses, the PC is not automatically 
pushed onto the stack. Typically, a Restart instruction 
(RST) is used, since the Restart opcode is only one byte 
long, meaning that the interrupting peripheral needs to 
supply only one byte of information. For this case, it pushes 
the interrupted PC (Program Counter) value onto the stack 
and resumes execution at a fixed memory location. Alter- 
natively, a 3-byte call to any location can be executed. 


Note that a Trap occurs if an undefined opcode is supplied 
by the I/O device as a vector. 


6.5.2 Interrupt Mode 1 Response for 
Maskable Interrupt /INTO 


In Interrupt Mode 1, the Z380 CPU automatically executes 
a Restart to a fixed location (QO000038H) when an interrupt 
occurs. An Interrupt acknowledge transaction is gener- 
ated, during which the data bus contents are ignored by 
the Z380 MPU. The interrupted PC value is pushed onto the 
stack. The size of the PC value pushed onto the stack is 
depends on Native (one word) or Extended mode (two 
words) in effect. The IEF1 and IEF2 are reset to logic 0 so 
as to disable further maskable interrupt requests. Instruc- 
tion fetching and execution restarts at memory location 
00000038H. 


6.5.3 Interrupt Mode 2 Response for 
Maskable Interrupt /INTO 


Interrupt Mode 2 is a vectored Interrupt response mode, 
wherein the interrupting device identifies the starting loca- 
tion of service routine using an 8-bit vector read by the CPU 
during the Interrupt acknowledge cycle. 


During the Interruptacknowledge transaction, the external 
I/O device being acknowledged is expected to output a 
vector onto the upper portion of the data bus, D15-D8. The 
interrupted PC value is pushed onto the stack and IEF? 
and IEF2 are reset to logic 0 so as to disable further 
maskable interrupt requests. The size of the PC value 
pushed onto the stack is depends on Native (one word) or 
Extended mode (two words) in effect. The Z380 MPU then 
reads an entry from a table residing in memory and loads 
itinto the PC to resume execution. The address of the table 
entry is composed of the | Extend (|Z) contents as A31-A16, 
the | Register contents as A15-A8 and the vector supplied 
by the I/O device as A7-AO. Note that the table entry is 


effectively the starting address of the interrupt service |. 


routine designed for the I/O device being acknowledged, | 
and the table composing of starting addresses for all the § 


Interrupt Mode 2 service routines can be referredtoasthe Em 


Interrupt Mode 2 vector table. Each table entry should be 
word-sized if the Z380 MPU is in the Native mode and Long 
Word-sized if in the Extended mode, in either case even- 
aligned (least significant byte with address AO = 0), mean- 
ing 128 different vectors can be used in the Native mode, 
and 64 different vectors can be used in Extended mode. 


6.5.4 Interrupt Mode 3 Response for 
Maskable Interrupt /INTO 


Interrupt Mode 3 is similar to mode 2 except that a 16-bit 
vector is expected to be placed on the data bus D15-D0 by 
the I/O device during the Interrupt acknowledge transac- 
tion. The interrupted PC is pushed onto the stack. The size 
of the PC value pushed onto the stack depends on the 
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6.5.4 Interrupt Mode 3 Response for 
Maskable Interrupt /INTO (Continued) 


Native (one word) or Extended mode (two words) in effect. 
lIEF1 and IEF2 are reset to logic 0 so as to disable further 
maskable Interrupt requests. The starting address of the 
service routine is fetched and loaded into the PC to resume 
execution, from memory location with an address com- 
posed of the | Extend contents as A31-A16 and the vector 
supplied by the I/O device as A15-A0. Again the starting 


address of the service routine is word-sized if the Z380 
MPU is in Native mode and Long Worda-sized if in the 
Extended mode, in either case even-aligned, meaning 
32768 different vectors can be used in the Native mode, 
and 16384 different vectors can be used in the Extended 
mode. 


6.6 ASSIGNED INTERRUPT VECTORS MODE FOR MASKABLE INTERRUPTS /INT3-/INT1 


Regardless of the Interrupt Mode in effect, interrupts on 
/INT3-/INT1 is always handled by the Assigned Interrupt 
Mode. This mode is similar to the interrupt handling on the 
Z180’'s /INT1 or /INT2 line. When the Z380 MPU recognizes 
one of the external maskable Interrupts /INT3-/INT1, it 
generates an Interrupt acknowledge transaction which is 
different than that for /INTO. The Interrupt acknowledge 
transaction for /INT3-/INT1 has the I/O bus signal /INTACK 
active, with /M1 /IORQ, /IORD, and /IOWR inactive. The 
interrupted PC value is pushed onto the stack. The size of 
the PC value pushed onto the stack is depends on the 
Native (one word) or Extended mode (two words) in effect. 
lIEF1 and lEF2 are resetto logic 0, disabling further maskable 
Interrupt requests. The starting address of an Interrupt 
service routine is fetched from a table entry and loaded into 
the PC to resume execution. The address of the table entry 
is composed of the | Extend contents as A31-A16, the AB 
bits of the Assigned Vectors Base Register as A15-A9, and 


6.7 RETI INSTRUCTION 


The Z80 family I/O devices are designed to monitor the 
Return from Interrupt opcodes in the instruction stream 
(RET! — EDH, 4DH), signifying the end of the current 
Interrupt service routine. When detected, the daisy chain 
within and among the device(s) resolves and the appropri- 


an assigned interrupt vector specific to the request being 
recognized as A8-AO. The assigned vectors are defined in 
Table 6-4. If the Z380 CPU is in Extended mode, all four 
bytes of the data stored in the Assigned vector location will 
be used as a new PC value. If the Z380 CPU is in Native 
mode, only two bytes of data from the LS Byte will be used 
as anew PC value. 


Table 6-4. Assigned Interrupt Vectors 


Assigned 
Interrupt Interrupt 
Source Vector 
/INT1 OOH 
/INT2 04H 
/INT3 O8H 


ate Interrupt-under-service condition clears. The Z380 
MPU “reproduces” the opcode fetch transactions on the 
[/O bus when the RETI instruction is executed. Note that the 
Z380 MPU outputs the RETI opcodes onto both portions of 
the data bus (D15-D8 and D7-D0) in the transactions. 
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7.1 INTRODUCTION 


The Z380 CPU is placed in a dormant state when the 
/RESET input is asserted. All its operations are terminated, 
including any interrupt, bus request, or bus transaction 
that may be in progress. On the Z380 MPU, the IOCLK 
goes Low on the next BUSCLK rising edge and enters into 
the BUSCLK divided-by-eight mode. The address and 
data buses are tri-stated, and the bus control signals are 
driven to their inactive states. The effect of /RESET on the 
Z380 CPU and related internal I/O registers is depicted in 
Table 7-1. 


The /RESET input may be asynchronous to BUSCLK, 
though it is sampled internally at BUSCLK’s falling edges. 
For proper initialization of the 2380 CPU, V., must be within 
operating specifications and the CLK input must be stable 
for more than five cycles with /RESET held Low. 


The Z380 CPU proceeds to fetch the first instruction 3.5 
BUSCLK cycles after /RESET is deasserted, provided 
such deassertion meets the proper setup and hold times 
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with reference to the falling edge of BUSCLK. On the Z380 
MPU implementation, with the proper setup and hold times 
being met, IOCLK’s first rising edge is 11.5 BUSCLK 
cycles after the /RESET deassertion, preceded by a mini- 
mum of four BUSCLK cycles when IOCLK is at Low. 


Note that if /BREQ is active when/RESET is deasserted, the 
Z380 MPU would relinquish the bus instead of fetching its 
first instruction. IOCLK synchronization would still take 
place as described before. 


Requirements to reset the device, and the initial state after 
reset might be different depending on the particular imple- 
mentation of the Z380 CPU on the individual Superintegra- 
tion version of the device. For /RESET effects and require- 
ments, refer to the individual product specification. 
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Table 7-1. Effect of a Reset on Z380 CPU and Related I/O Registers 


Register 
Program Counter 
Stack Pointer 


| 
R 


select Register 


A and F Registers 


Register Extensions 


/O Bus Control Register 0 
Interrupt Enable Register 
Assigned Vector Base Register 


Trap and Break Register 
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Reset Value 
OOO00000 
OOO00000 


000000 
00 


OO000000 


Q000 


00 
01 
00 
00 


Comments 
PCz, PC 
SPz, SP 


Iz, | 


Register Bank O Selected: 

AF, Main Bank, IX, lY 

Native Mode 

Maskable Interrupts Disabled, in Mode 0 
Bus Request Lock-Off 


Register Banks 3-0: 
A, F, A’, F’ Unaffected 


Register Bank 0: 

BCz, DEz, HLz, lYz, 

BCz’, DEz’, HLz’, lYz’ 

(All “non-extended” portions unaffected.) 
Register Bank 3-1 Unaffected. 


IOCLK = BUSCLK/8 
/INTO Enabled 
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A Silas 
7380™ BENCHMARKING 


This application note compares the performance and program memory requirements among the new 16-bit 
CPU from Zilog Z80380 and several competing processors, including the Intel 80186, 80960 and Motorola 


68020 and CPU32. 


INTRODUCTION 


Zilog's new Z380™ Central Processing Unit is a high 
performance CPU engine designed to meet today's appli- 
cation requirements. The Z380 CPU incorporates ad- 
vanced architectural features that allow fast and efficient 
throughput and increased memory addressing capability 
while maintaining Z80°®/Z180® object code compatibility. 


The Z380 CPU is an enhanced version of the Z80 CPU. The 
Z80 instruction set has been retained, adding a full com- 
pliment of 16-bit arithmetic and logical operations, multiply 
and divide, acomplete set of register-to-register loads and 
exchanges, plus 32-bit load and exchange, and 32-bit 
arithmetic operations for address calculations. 


The addressing modes of the Z80 have been enhanced 
with Stack pointer relative loads and stores, 16-bit and 24- 
bit indexed offsets, and more flexible indirect register 
addressing. All of the addressing modes allow access to 
the entire 32-bit addressing space. 


The register set of the Z80 microprocessor is expanded to 
32 bits, and has been replicated four times to allow for fast 
context switching among tasks in a dedicated control 
environment. 


The following are the key features of the Z380: 


Full static CMOS design with low power standby mode 
support 


H 32-bit internal data paths and ALU 

@ 16-bit (64K) or 32-bit (4G) linear addressing space 
16-bit internal data bus 

Two clock cycle minimum instruction execution 

fm Two clock cycle Memory bus 

m Programmable I/O bus protocols and clock rates 
& Four banks of 32-bit registers 


™ Enhanced interrupt capabilities, including 16-bit 
vectors and four external Interrupt inputs 


& Undefined opcode trap for full Z380 CPU instruction 
set 


The Z380 block diagram is shown in Figure 1. For a 
detailed description of the Z380 please refer to the Z380 
Technical Manual, DC #8297-00, and the Z380 Preliminary 
Product Specification DC #6003-02 from Zilog. 
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INTRODUCTION (Continued) 
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Figure 1. Z380 Functional Block Diagram 
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BENCHMARKS AMONG EMBEDDED PROCESSORS 


In response to a recent microprocessor selection process 
by a major customer, Zilog's Datacom Marketing group 
compared the performance and program memory re- 
quirements among the new Z80380 and several compet- 


METHOD 


Benchmarking consisted of selecting four code fragments 
judged to be typical of embedded applications, coding 
the four fragments in assembly language for each of the 
four processors, and calculating the execution time for 
each fragment on each processor, at 16, 25, and 40 MHz 
clock rates as applicable to each. 


The results were then tabulated in a spreadsheet that first 
normalized them to the figure for the 25 MHz 80380, and 
then averaged the normalized values for memory code 
size and execution time, as well as an overall "figure of 
merit’. 


ASSUMPTIONS 


Because execution time can be a complex matter for 
today's pipelined processors, our benchmarks made sev- 
eral assumptions that simplified performance evaluation. 
The most presumptive was that the memory on all proces- 
sors was fast enough that there would be NO WAIT 
STATES. (In many cases this would mandate fast Static 
RAM rather than larger, more economical Dynamic RAM, 
which makes sense for some applications but not others.) 


Asecond assumption was that all operands were ALIGNED 
to the natural boundaries for their size: data accessed 16 
bits at a time was located at an address that was a multiple 
of two bytes, while data to be accessed 32 bits at a time 
was located at an address that's a multiple of 4 bytes. This 
characteristic can be guaranteed by many high-level- 
language compilers, and is questionable only for the 
Block Move operations. 


ing processors, including the Intel 80186 and 80960 and 
the Motorola 68020 and CPU32. (The CPU32 is the heart 
of the Motorola's 803xx series of integrated products.) 


The code fragments were called "I/O Loop", "Signed Byte 
Handling". "Multiply/Accumulate". and "Interrupt". Since 
the execution time for I/O Loop is a function of the number 
of times through the loop, and because it was felt to be the 
most typical of user requirements, it was counted twice 
toward the composite performance and merit figures, 
once for a single iteration and once for eight times through 
the loop. Finally, a fifth performance category was in- 
cluded, the time required for memory-to-memory block 
movement of data. This made six performance values that 
were averaged with four program-size values for the over- 
all Figure of Merit, an imbalance that "felt right" in terms of 
the way we think many users view the value of an embed- 
ded microprocessor. 


For processors that include a cache (the 68020 and 
80960), the timing was calculated such that the first ac- 
cess to each instruction was a cache miss, and any 
subsequent accesses were cache hits. In other words, we 
assumed that these code fragments were not part of a 
central loop, but were executed in response to specific 
events that were sufficiently infrequency that the code was 
superseded in the cache between events. 
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For the 80186, we allowed Intel their stated timing assump- 
tion "With a 16-Bit Bus Interface Unit, the 80186 has 
sufficient bus performance to ensure that an adequate 
number of pre-fetched bytes will reside in the queue most 
of the time." (16-32 Bit Embedded Processors 1990, pp. 1- 
50, 1-118). The following 80186 listings include a column 
of the number of clocks for each instruction, taken directly 
from the referenced data book. 


Motorola's CPU32 User Manual includes several figures 
for each instruction and addressing mode, which have to 
be combined with each other and with those for the 
following instruction, to determine execution times. The 
symbols Cea, Hea, and Tea represent the total number of 
clocks to fetch or calculate an Effective Address, and how 
many of these represent Header clocks that can be 
overlapped with subsequent operations, and Tail clocks 
that can be overlapped with subsequent operations. Simi- 
larly, the symbols Cop, Hop, and Top represent the total 
number of clocks needed to execute the instruction, and 
how many of these are Header clocks and Tail clocks. The 
total was computed by the formula: 


Cea - min (Tea, Hop) + Cop - min (Top, Hea [next 
instruction]) 


For instructions containing two effective addresses the 
formula is: 

Cea - min (Teal, Hea2) + Cea2 - min (Tea2, Hop) + Cop 
- min (Top, Hea [next instruction]) 


Each following 680x0 code fragment is followed by a 
spreadsheet that performs these calculations for the 
CPU32. 


For the 68020, Motorola gives three timing figures for each 
instruction. Best Case (BC) is the number of clocks the 
instruction takes if it is in the cache and enjoys the 
maximum possible degree of overlap with the preceding 
and following instructions. Cache case (CC) is the number 
of clocks is the instruction is in the cache but has no 
overlap with other instructions. Worst case (WC) is when 
the instruction is not in the cache and has no overlap with 
other instructions. 


The 68020 User Manual includes quite a few pages that 


define these three timings for all the possible instruction 
variants, but then notes that there is no way to use these 
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values to arrive at actual execution times! Since CC-BC is 
the maximum possible instruction overlap, we decided to 
count the first execution of an instruction as a cache miss 
with an "average" amount of overlap: 


first execution = WC - (CC-BC)/2 

while subsequent executions of an instructions were 
counted as acache hit with an average amount of overlap: 
subsequent execution = (CC+BC)/2 


Each following 680x0 code fragment is followed by a 
spreadsheetthat performs these calculations for the 68020. 


For the 80960, an actual clock-by-clock analysis of pro- 
cessor activity was done, and is shown by a spreadsheet 
that follows the listing of each 960 code fragment. In these 
charts: 


F represents a code fetch operation on the external bus, 
F2 is the second fetch of a 2-word instruction on the 
external bus, 

CF is a Cache Fetch, 

D is a Decode operation, 

EA is an Effective Address calculation, 

AonB stands for the Address cycle for a data word on the 
external bus. 

D on B stands for the Data cycle for a data word on the 
external bus 

W is an extra clock (wait state) the author decided would 
be needed for a data write on the external bus, 

X is any other kind of execution cycle, e.g., storing a value 
in a register 


It's probable that these charts don't sufficiently account for 
limits on the number of instructions that can be pending in 
similar states simultaneously, and that as aresult we made 
the 80960KA look slightly better than it should. 


For the 80380, execution times were derived in two steps. 
First we simply added up the execution times listed in the 
User Manual, as for the 80186. Then the architect of the 
380 analyzed the instruction flow, similarly to what was 
done for the 960, and added a few extra clocks for pipeline 
stalls and non-overlap between the Bus Interface Unit and 
Execution Unit. Because of this, perceptive readers may 
notice that the clocks shown for individual 80380 instruc- 
tions don't always add up to the total execution figures. 
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DESCRIPTION OF THE CODE FRAGMENTS 
I/O Loop depending on the sign of NORM and how it compares to 


This code fragment reads received data, two bytes ata 
time, from a 16C30 Universal Serial Controller (USC), and 
stores the data in a memory buffer for each frame. The 
USC is the successor to Zilog's popular SCC, and has a 
32-byte FIFO capacity. First, each sequence sets up 
whatever registers are needed to access the USC, the 
memory buffer, and acurrent pointer into the buffer named 


rx! 


At the start of each loop, the code reads the number of 
bytes currently in the receive FIFO, from the MSbyte of a 
USC register called RICR. It also reads a 16-bit status 
register called RCSR. 


lF there are no bytes leftin the FIFO, the code exits from the 
fragment. If there is one byte in the RxFIFO, the code 
checks the status to see if the byte is either the last one of 
a frame, or is the byte at which a Receive Overrun condi- 
tion occurred. If neither of these is the case, the code 
leaves the byte in the RxFIFO for the future, and exits from 
the fragment. Otherwise, or if there are two or more bytes 
in the FIFO, the code: 


1. ensures that no interrupt can occur between the 
following steps, 

2. reads two bytes from the FIFO via the USC register 
called RDR 
(the USC will only provide one if there's only one in the 
FIFO) 

3. stores the datain memory atthe address in the pointer 
"Txi", 

4. increments rxi by 2, 

5. stores rxi back in memory, and 

6. enables interrupts to occur again. 


After these operations the code tests the status obtained 
earlier from RCSR, and if the data just stored didn't 
represent the end of aframe, it goes back to the start of the 
loop described above. The following code calls an end-of- 
frame-handling subroutine called "_Handle_RxStatus"_ this 
part of the fragment counts toward the code memory 
required but not toward the execution time, because a 
frame ends only once in many executions of the loop. 


Signed Byte Handling 


This code fragment originally came from a customer code 
in the hard disk field. It examines three 8-bit variables in 
memory called NORM, Q, and K2. Actually NORM can 
range from -256 to +255 and is implemented as a 16-bit 
variable. It computes an eight-bit result in any of six ways, 


that of Q, as described in the comments at the top of each 
page of code. 


First the code may access some or all or the three input 
variables and/or set up registers to point to one or more of 
them. Then it tests the sign of NORM, branching to the 
second "half" of the code fragment if it's positive. In each 
"half", the code compares NORM and Q and branches 
around in a tree-structured fashion to compute the result 
dictated by relative values of NORM and Q. 


To evaluate the overall execution time of the fragment, we 
computed the execution time for each of the six result 
cases, and averaged them. 


This may be the least clear code fragment as to Its cosmic 
purpose, but it is a reasonable example of the kind of 
decision-tree processing that's typical of many I/O han- 
dling and control systems. 


Multiply/Accumulate 


This code fragments is also taken from a customer code in 
a hard-disk application. It uses four 16-bit input values in 
memory, CURSEC, POSN_ERR, S_GRAT, and K_GRAT, 
plus two memory tables of 16-bit values called S_TABLE 
and C_TABLE, each as large as the largest possible 
values of CURSEC. From these the code extracts S_TABLE 
(CURSEC) and saves the result in a memory variable 
S_VALUE, and similarly extracts C_TABLE (CUSEC) and 
saves it in K_VALUE. The code also multiplies each value 
by POSN_ERR, scales/divides each result by 64, and adds 
the results into memory variables S_ACCUM and K_ACCUM 
respectively, Finally it calculates R_CP= 
(S_VALUE*S_GRAT + K_VALUE*KGRAT) /82. 


This code includes four 16x16 multiplications and 32-bit 
scale/shift operations. For all the processors except the 
CPU32, the fragment is coded to loop back once to 
minimize memory requirements, by taking advantage of 
the similarity of the computations for the "S" and "K" values. 


Interrupt 


These code fragments service a "receive status’ interrupt | 


from a Zilog 16C30 Universal Serial Controller (USC). The fare 
actual code size and execution time are reduced from a fim 
full-blown ISR, by evaluating for the case of a "Receive Hm 


Overrun’ event, and by isolating the details of handling an 
End of Frame event in a separate subroutine. This is done 
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to emphasize the interrupt overhead for each processor, 
including interrupt latency, interrupt processing, context 
saving and restoring, and returning to the interrupted 
process. 


Each code fragment saves register values and any other 
necessary contest info, then sets up a base address for the 
USC, clears the Interrupt Pending (IP) for Receive Status 
interrupts, and reads 16-bit status from the USC register 
RCSR. Then, if the overrun status bit is set, it writes two 
“command bytes" called "Enter Hunt Mode" and "Purge Rx" 
to USC registers. (These operations count are counted 
toward execution time.) 


Next, if the status bit indicating the end of aframe is set, the 
code calls a subroutine to handle this condition. Neither 
the call nor the subroutine are counted toward execution 
time. 


Next the code reads and writes several USC register to 
ready the device for future interrupts. Finally it restores the 
context and returns to the interrupted program. 


The 80960KA does more operations automatically in hard- 
ware before and after the execution of the interrupt service 


SUMMARY 


The final chart below summarizes and combines the 
memory requirements and execution times for each code 
fragment on the various processors clock speeds. The 
80186 doesn't come in 25 or 40 MHz versions, so only 16 
MHz results are shown. The CPU32, 68020, and 80960KA 
are shown for 16 and 25 MHz. The 80380 is shown for 16, 
25, and 40 MHz clocking. In each case this includes the 
highest clock speed shown in the latest literature we could 
obtain for each processor family. 


In all cases, the 80960KA has by far the largest code size, 
but makes up for it by needing the fewest clocks to 
execute. The 80186 has the smallest average code size, 
but makes up for that by being the slowest device for all 
cases except Block Move, for which it edged out the 
CPU32 to escape the cellar. 


The CPU32 proved exemplary at the Multiply/Accumulate 
fragment, having the smallest code size and running 
second to the 80960KA for the faster execution time (even 
outperforming Its 32-bit relative the 68020, due to its early- 
exit Booth multiplier). In the other cases it tended to run 
second-last to the 80960 in code size and to the 80186 in 
execution time. 
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routine proper, than do the other processors. The time to 
perform these operations were not specified in the Intel 
literature available to us, so the time was estimated in the 
first and last column of the execution chart, based on the 
time to do similar functional under software control. 


Block Move Sequences 


The "block move" sequences for all the processors are 
shown on one sheet. The 8096KA has no special instruc- 
tion for this operation, but its Load and Store Quad Register 
instruction each handle 16 bytes per execution. The CPU32 
has no special instruction either, but its two-word prefetch 
queue is capable of holding the two-instruction loop shown, 
so that no instruction fetches are needed for the duration 
of the block move, only data cycles. For 68020 we used the 
average of the Best Case and Cache Case, i.e., acache hit 
with an "average" amount of instruction overlap. 


Both the 80186 and 80380 have instructions intended for 
this purpose. The evaluation for 380 assumes that the 
global Longword (LW) control bit is set so that each 
iteration includes two 16-bit reads and two 16-bit writes. 


The 68020 had the same code sizes as the CPU32 and 
improved on the CPU32's execution times, but perhaps 
not by enough to overcome the higher system costs of a 
32-bit bus and memory subsystem 


The Zilog 80380 typically ran close to the 80186 in code 
density and minimizing program size, as might be ex- 
pected from an older architecture that was created when 
memory was more expensive than today. Perhaps more 
surprisingly, it finished second to the 80960KA in execu- 
tion clocks most cases, and counting its faster clock rate 
ran competitively to the 960KA in total execution time. 


When looking at a the normalized program size and 
execution time values in the summary table, remember 
that smaller values are better, and that a value less than 1 
means that processor/clock rate combination is better 
than a 80380 at 25 MHz. 
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Of course there's something a little out of line about 
including the 80960KA in this comparison, which 

* costs far more than any of the other processors, 

* entails added system-level expense because of its 32-bit 
data path and required memory width (also true of the 
68020), and 

* requires special "block transfer" memory design tech- 
niques 


In fact, Intel has another member of its 80960 that is more 
like the other processors herein, the 8096KA. This device 
has a 16-bit data bus like the 80380 and 80186, andamore 
compact package that lowers its cost into amore competi- 
tive range. Unfortunately we were unable to obtain any 
timing information for the 80960SA in the time frame 
required for this benchmarking. 
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However, we did find an Intel brochure that allows the 
80960SA to participate in these results in a small way. It 
showed a "Dhrystone" (fixed point) figure for the 80960SA 
of 12145, compared to 19740 for the 960KA. Multiplying 
the performance figures for the S960KA by 19740/12145 
(smaller is better in our figures while larger is better for the 
Dhrystone) yielded the results shown in the third-last and 
last lines. For the last line that combines code size and 
execution time into a final figure of Merit, only the execution 
time values were scaled by Intel's Dhrystone results. 


To wrap up, considering both code density and execution 
time for these code fragments, the new Zilog 80380 blows 
away other 16-bit processors including the 80960SA, and 
comes out about equal to the much more expensive 32-bit 
80960KA if skewed by one speed grade (25 MHz 380 vs. 
16 MHz 960, 40 MHz 380 vs. 25 MHz 960). 


2 Z380™ BENCHMARKS 
a ejlLdis APPLICATION NOTE 
I/O LOOP: 80186 
; the following 80x86 code reads data from a Zilog 16C30 USC 
; this code is not warranted to be correct nor operative, and is 


; intended for performance benchmarking purposes only 
; this version assumes that the USC is in I/O space 


Bytes Clks 
3.68 MOV AX,WORD PTR DS:_rxi+2 
2 2 MOV ES,AX 
4 9 MOV DI,WORD PTR DS:_rxi 
RxPoll16U_lIp: 
3. «4* MOV DX,uscBase+RICR+1 
1 8" IN AL,DX ; get hi byte of RICR 
2 2" SHR AL,1 ; anything to do? 
2 3" MOV DL,RCSR ; RICR hi byte to RDR word 
1 8* IN AX,DX ; get status 
2 4/13" JNZ RxPoll16U_hav ; around if not 
2 4/13 JNC RxPolli6U_end ; go if more than one byte 
2 3 TEST AL,12H - rxBound or overrun? 
2 4/13 JZ RxPolli6U_end ‘ignore one byte if neither 
RxPoll16U_hav: 
a a2. CLI 
1 14" INSW ; store word in rx area 
4 12* MOV WORD PTR DS:_rxi,DI — ; store rxi 
ir o2° STI 
2 3" TEST AL,10H ; rxBound? 
2 (3° JZ RxPolli6U_lp ; around if not 
2 MOV DL,CCR > 16 or 32-bit 
1 IN AL,DX ‘ RSBs in use? 
2 MOV DL,RDR 
2 TEST AL,OCOH 
2 JNZ RxPolli16U_rsb ; go if so 
2 MOV DL,RCSR 
RxPoll16U_rsb: 
1 IN AX,DX ; read status again if no RSBs 
2 AND AL,OFDH ; leave overrun to int level 
1 PUSH AX ; argument is status 
1 CLI 
3 call near ptr Handle_RxStatus 
2 ADD SP,2 
1 STI 
2 JMP RxPoll16U_lp ; and loop 


RxPoll16U_end: 


61 60+80N 
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the following 680x0 code reads data from a USC 

; this code is not warranted to be correct nor operative, and is 
; intended for performance benchmarking purposes only 

; this version assumes that rxi variable is in first 64 Kbytes 


Bytes Clks (CPU32) 

4 8 MOVE.L rxi,A1 ; address in rcv area 

6 10 MOVE.L #uscBase+ICR,A2 ; address of ICR in USC 
RxPoll16U_lIp: 

6 14 CMP.B #1,RICR-ICR(A2) ; <> 1 byte in RxFIFO? 

4 vs MOVE.W RCSR-ICR(A2),DO ; get status 

2 4/10 BHI RxPoll16U_hav ; around if > 1 byte 

2 4/10 BLO RxPolli6U_end ; nothing to do if < 1 byte 

4 5 AND.B #$12,D0 ; 1 byte: RxBound or overrun? 

2 4410 BZ RxPoll16U_end ; ignore 1 byte if neither 
RxPoll16U_hav: 

4 9 BCLR #7,(A2) ; disable interrupts 

4 8 MOVE.W RDR-ICR(A2),(A1)+ ; 2 serial bytes to Rx area 

4 8 MOVE.L Ai,rxi ; store rx pointer 

4 9 BSET #7,(A2) ; re-enable ints 

4 5 AND.B #$10,D0 ; RxBound? 

2 4/10 BZ RxPoll16U_lp ; loop if not 

2 MOVEQ #$C0,DO 

4 AND.B CCR+1-ICR(A2),D0 * RSBs in use? 

2 BNZ  RxPoll16U_rsb ; around if so 

4 MOVE.W RCSR-ICR(A2),DO - take status from RCSR if not 

2 BRA — RxPoll116U_call 
RxPoll16U_rsb: 

4 MOVE.W RDR-ICR(A2),D0 ; take status from RDR 
RxPoll1 6U_call: 

4 BCLR #1,D0 

2 MOVE.W DO,-(SP) 

4 BCLR- #7,(A2) ; disable interrupts 

4 JSR _Handle_RxStatus ; call the RxBound subroutine 

2 ADDQ #2,SP 

4 BSET  #7,(A2) ; enable interrupts 

2 BRA — RxPoll16U_lp ; and loop 


RxPoll16U_end: 


92 50+77*N clocks (CPU32) 
56+48*N clocks (68020) 
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I/O LOOP: CPU32 


Bytes Clks Source Hop Top Cop LW Heat Teal Ceal Hea2 Tea2 Cea2 
4 8 “MOVE.L rxi,A1” 0 2 4 2 ] 3 5 
6 10 “MOVE.L #uscBase+ICR,A2” 2 4 8 2 1 3 5 
18 subtotal: start 
6 11 “Ip: CMP.B #1,RICR-ICR(A2)” 0 3 5 0 | 3 5 ] 1 3 
4 i “MOVE.W RCSR-ISR(A2),D0” 0 0 2 0 | 3 5 
2 10 BHI hav (taken) 2 -2 8 0 0 0 0 
4 BHI hav (not taken) 2 0 4 0 0 0 0 
2 10 BLO end (taken) 2 -2 8 0 0 0 0 
4 BLO end (not taken) 2 0 4 0 0 0 0 
4 5 “AND.B #$12,D0” 0 0 2 0 ] 1 3 
10 BZ end (taken) 2 -2 8 0 0 0 0 
32 subtotal: exit 
4 BZ end (not taken) 2 0 4 0 0 0 0 
4 9 “hav: BCLR #7,(A2)” 1 2 8 0 ] | 3 
4 8 “MOVE.W RDR-ICR(A2),(A1)+” 2 2 6 0 ] 3 5 
4 8 “MOVE.L A1,rxi” ] 5 i 2 ] 1 3 
4 9 “BSET #7,(A2)” 1 2 8 0 ] 1 3 
4 § “AND.B #$10,D0” 0 0 2 0 ] | 3 
2 10 BZ Ip (taken) 2 -2 8 0 0 0 0 
77 subtotal: loop 
4 BZ Ip (not taken) 2 0 4 0 0 0 0 
2 “MOVEQ #$C0,D0” 
4 “AND.B CCR+1-ICR(A2),D0” 
2 BNZ rsb 
4 “MOVE.W RCSR-ISR(A2),D0" 
2 BRA call 
4 “rsp: MOVE.W RDR-ICR(A2),D0” 
4 “BCLR #1,D0” 
2 “MOVE.W DO,-(SP)” 
4 “BCLR #7,(A2)” 
4 JSR _Handle_RxStatus 
2 “ADDQ #2,SP” 
4 “BSET #7,(A2)” 
2 BRA Ip 
—_—  — __ end: 
92 50+N*77 total 
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Z380™ BENCHMARKS 


A SILAS APPLICATION NOTE 
I/O LOOP: 68020 


Bytes 


4 
6 


6 
4 
2 


Porth DP Hh DB 


PO Se MO HP PP LS & PO — Po — PO 


CO 
RO 


Source BC CC WC 1st subs 
“MOVE.L rxi,A1” 3 6 8 6.5 45 

“MOVE.L #uscBase+ICR,A2” 0 5 6 3.5 2.5 

subtotal: start 31 
“Ip: CMP.B #1,RICR-ICR(A2)” 3 7 10 8 5 

“MOVE.W RCSR-ISR(A2),D0” 3 7 9 rf 5 

BHI hav (taken) 3 6 9 Bs 45 

BHI hav (not taken) 1 4 5 3.9 2.0 

BLO end (taken) 3 6 9 is 45 

BLO end (not taken) 1 4 2) 35 25 

“AND.B #$12,D0” 0 4 6 4 2 

BZ end (taken) 3 6 9 75 45 

subtotal: exit 24.8 
BZ end (not taken) 1 4 5 3:0 2.0 

“hav: BCLR #7,(A2)” 7 8 9 8.5 Ko 
“MOVE.W RDR-ICR(A2),(A1)+” 6 8 14 10 7 

“MOVE.L At, rxi” 5 6 9 8.5 5.5 

“BSET #7,(A2)” 7 8 9 8.5 7.5 

“AND.B #$10,D0” 0 4 6 4 2 

BZ Ip (taken) 3 6 9 18 45 

subtotal: loop 48.5 
BZ Ip (not taken) | 4 ) 3.9 2.0 

“MOVEQ #$C0,D0” 

"AND.B CCR+1-ICR(A2),D0” 

BNZ rsb 

“MOVE.W RCSR-ISR(A2),D0” 

BRA call 

“rsb: MOVE.W RDR-ICR(A2),D0” 

“BCLR #1,D0” 

“MOVE.W DO,-(SP)” 

"BCLR #7,(A2)” 

JSR _Handle_RxStatus 

“ADDQ #2,SP” 

“BSET #7,(A2)" 

BRA Ip 

end: 

total 56+48N 


ASiLAS 
I/O LOOP: 80380 


Z380™ BENCHMARKS 
APPLICATION NOTE 


‘ the following Z380 code reads data from a Zilog 16C30 USC. 
; this code is not warranted to be correct nor operative, and is 
; intended for performance benchmarking purposes only 

; this code assumes that the global LW and XM bits are set 

- and that the USC is in a 16-bit-addressed I/O space 


Bytes Clks 
3 2 LD 
1 2 LD 
3 8 LD 
RxPoll16U_lIp: 
4 6* INA 
2 2° SRL 
4 6* INA 
2 2/6* JR 
2 2/6 JR 
3 2 TST 
2 2/6 JR 
RxPoll16U_hav: 
1 2 DI 
2 7* INIW 
3 6* LD 
1 2* E| 
3 2 TST 
2 og JR 
2 LD 
2 IN 
, 
3 TST 
2 JR 
2 LD 
RxPoll16U_rsb: 
2 INW 
2 RES 
1 DI 
2 PUSH 
3 CALL 
1 INC 
1 "INC 
| El 
2 JR 


RxPoll16U_end: 


— 


65 


41+53N (corrected for pipeline stalls) 


DE,uscBase+RDR 
B,D 
HL, (rxi) 


A,(uscBase+RICR+1) 


A 


A,(uscBase+RCSR) 


NZ,RxPoll16U_hav 


NC,RxPoll16U_end 


12H 
Z,RxPolli6U_end 


(rxi), HL 


10H 
Z,RxPoll16U_|p 
C,CCR 

A,(C) 

LD CiE 

OCOH 
NZ,RxPoll16U_rsb 
C,RCSR 


HL,(C) 
1,L 


HL 
Handle_RxStatus 
SP es 
SP 


RxPoll16U_lIp 


- 32-bit address in variable 


; get hi byte of RICR 
; byte count to word count 


; get status, no CC change 


‘ RxBound or overrun? 


- 16 bits from RDR to buffer 
‘ store address in buffer 


; get status from RDR if RSBs 
‘ RSBs in use? 

- around if so 

; get status from RCSR if not 


‘ status word from RSB or RCSR 
‘ leave overrun to int level 


Z380™ BENCHMARKS 


A 2iLAS APPLICATION NOTE 
I/O LOOP: 80960KA 


# the following 80960KA code reads data from a Zilog 16C30 USC 
# this code is not warranted to be correct nor operative, and is 

# intended for performance benchmarking purposes only 

# this code assumes the rxi variable is in the first 4K bytes 


Bytes 

8 Ida uscBase+ICR,r3 # address in USC 

4 ld rxi,r4 # buffer address from variable 

4 Idob = (r),r7 # get Isbyte of ICR 

4 clrbit 7,r7,r8 
RxPoll16U_lIp: 

4 Idob = RICR+1-ICR(r3),r5 # get hi byte of RICR 

4 Idos RCSR-ICR(r3),r6 # get status 

4 cmpo 1,r5 

4 bg RxPoll16U_hav # around if more than 1 byte 

4 bl RxPoll16U_end # nothing to do if no bytes 

4 and 0x12,r6,r7 # 1 byte: EOF or overrun? 

4 cmpobe 0,r7,RxPoll16U_end # ignore 1 byte if not 
RxPolli6U_hav: 

4 stob 8, (r) # clear MIE, disable ints 

4 Idos  RDR-ICR(r3),r9 # get 16 bits from USC 

4 stos 19,(r4) # store in memory 

4 addo 2,r4 # increment address 

4 st r4rxi # Save address 

4 stob = _r7,(r3) # set MIE, enable ints 

4 bbc 4,r6,RxPoll16U_Ip # loop if not EOF 

4 Idob = CCR+1-ICR(r3),r9 # get CCR hi byte 

4 bbs = 7,r9,RxPoll16U_rsb # RSB’s in use? 

4 bbs 6, r9,RxPoll16U_rsb # around if so 

4 Idos RCSR-ICR(r3),gO # take status from RCSR if not 

4 b RxPoll116U_call 
RxPoll16U_rsb: 

4 Idos RDR-ICR(r3),gO # take status from RDR if so 
RxPoll16U_call: 

4 cIrbit 2,g0 # hide the overrun bit 

4 stob —_r8,(r3) # clear MIE, disable ints 

4 bal _Handle_RxStatus # call the RxBound subroutine 

4 stob = r7,(r3) # set MIE, enable ints 

4 b RxPoll16U_|p # and loop 


RxPoll16U_end: 


120 55+ 24N (see spreadsheet) 
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H Z380™ BENCHMARKS 


1/0 Loop: 80860KA 


Ida_ild —|idob |cirbit |Idob |ldosicmpo {bg jbl jand |cmpobe jstob|Idosistos jaddo jst |stobibbc | 
a a Mg cl eee eae ae ae Mae ee eer ee ee a 
a a ae 2 ees eee ae ee ae i SARE 


= 
NOON Ls ae el 
PR Se aia ere ee as a es 


| |DonB | ae a ea 
[aS SS a (EPR ed De (ae a ee [ee 
cal [aan (Raa aaa (A (| (ee 
a a ei (ae ea 
ai age pans (aay era (a a a DIF | oad 


p EA ID CF Pt on 


| we 
SG SEA SS Sak Ss SORROW nw Oat COREE we I! MR GOR 
[eT a CES GS Ta (cme ae ees Ce ee es ee ee 
DS OO 
fe DOW a 


. 2380” BENCHMARKS 


Ss SSeS aM On cA” AS a SO 


Pl cee ee ee ee ee DCR OR. et a 
aes a Dae ee, (ere ee oe eee ae jo ID TT 


Po 
Gf CO ve Se a ay ad SSR" 
[a SS SS fee a FR (tr lee eee 

24 clocks perrepeat_ | | | 


9 clocks to get out 


Z380™ BENCHMARKS 
APPLICATION NOTE 


A ZILA 
SIGNED BYTE HANDLING: 80186 


‘ the following 80186 code handles signed bytes. 

there are 3 signed byte variables in memory, Q, K2, and NORM. 
‘ Actually NORM can range from -256 to +255, so we test the 
; MSbyte of a 16-bit NORM but use only the LSbyte otherwise. 
; The result is as follows 

eit NORM < 0 then 

; if NORM > -Q then result := NORM 

else if NORM > Q then result := -2*K2-NORM 

else result := Q - K2 

; else if NORM <= Q then result := NORM 

else if NORM <= -Q then result := 2*K2-NORM 

else result := K2-Q 

‘ Routines can leave the result wherever is most convenient. 

; this code is not warranted to be correct nor operative, and is 
- intended for performance benchmarking purposes only 

‘ this code assumes 


Bytes Clks 
3 8 MOV AL,BYTEPTRQ ; get variable 
4 12 MOV HL,K2 ; address of variable 
4 9 MOV BX,WORD PTR NORM ; get variable 
2 3 OR BX,BX : test if NORM positive 
2 43 Js npos ; around if so 
2 3 NEG AL ;-Q 
2 3 CMP AL,BL ; -Q-NORM 
3 4/13 JS rnorm : go if -Q-NORM<0, NORM>-Q 
2 3 NEG AL ;Q 
2 3 CMP AL,BL ; Q-NORM 
2 43 JS m2k2 ; go if Q-NORM<0, NORM>Q 
2 10 SUB AL,(HL) ;Q-K2 
2 14 JMP SHORT next 
2 12 m2k2: MOV AL,(HL) > K2 
2 3 NEG AL ;-K2 
2 14 JMP SHORT dmn 
2 2 rnorm: MOV AL,BL >; NORM 
2 14 JMP SHORT next 
2 3npos:CMP- AL,BL >; Q-NORM 
2 43 Js rnorm ; go if Q-NORM>=0, NORM<=Q 
2 3 NEG AL ;-Q 
2 3 CMP AL,BL ; -Q-NORM 
2 4413 JNS = p2k2 ; go if -Q-NORM>=0, NORM<=-Q 
2 3 ADD — AL,(HL) ;K2-Q 
2 14 JMP SHORT next 
2 12 p2k2: MOV AL,(HL) ;K2 
3 38dmn: ADD AL,AL > +- 2K2 
2 3 SUB AL,BL ; +- 2K2 - NORM 
next: 


63 NORM (pos) 73 

NORM (neg) 67 
2*K2-NORM 85 
-2*K2-NORM 96 

K2-Q 75 

Q-K2 76 

average 78.67 
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Z380™ BENCHMARKS 
AGIOS _ | eect Nore 


SIGNED BYTE HANDLING: 680X0 


; the following 680x0 code handles signed bytes. 

; there are 3 signed byte variables in memory, Q, K2, and NORM. 
; Actually NORM can range from -256 to +255, so we test the 
; MSbyte of a 16-bit NORM but use only the LSbyte otherwise. 
: The result is as follows 

‘if NORM < 0 then 

if NORM > -Q then result := NORM 

else if NORM > Q then result := -2*K2-NORM 

else result := Q- K2 

; else if NORM <= Q then result := NORM 

else if NORM <= -Q then result := 2*K2-NORM 

else result := K2-Q 

; Routines can leave the result wherever is most convenient. 

; this code is not warranted to be correct nor operative, and 

; is intended for performance benchmarking purposes only. 

; this code assumes that all variables are in the first 64K 

; bytes of memory 


Bytes Clks (CPU32) 
4 7 MOVE.B Q,DO ; get variable 
4 7 MOVE.W NORM,D1 ; get variable 
2 4/10 BPL.S npos ; around if positive 
2 2 NEG.B DO ;-Q 
2 2 CMP.B D1,D0 ; -Q-NORM 
2 4/10 BMI.S rnorm - go if -Q-NORM<0, NORM>-Q 
2 2 NEG.B DO -Q 
2 2 CMP.B D1,D0 ; Q-NORM 
2 4/10 BMI.S m2k2 ; go if Q-NORM<0, NORM>Q 
4 7 SUB.B K2,D0 ;Q-K2 
2 10 BRA.S next 
4 7m2k2: MOVE.B K2,D0 > K2 
2 2 NEG.B DO ;-K2 
2 10 BRA.S dmn 
2 2rnorm: MOVE.B D1,D0 * NORM 
2 10 BRA.S next 
2 2npos: CMP.B D1,D0 ; Q-NORM 
2 4/10 BPL rnorm - go if Q-NORM>=0, NORM<=Q 
2 2 NEG.B DO ;-Q 
2 2 CMP.B D1,DO ; -Q-NORM 
2 4/10 BPL.S p2k2 : go if -Q-NORM>=0, NORM<=-Q 
4 7 ADD.B K2,D0 ;K2-Q_ 
2 10 BRA.S next 
4. 7p2k2: MOVE.B K2,D0 ;K2 
2 2dmn: ADD.B DO,DO > +- 2K2 
2-2 SUB.B D1,D0 > +- 2K2 - NORM 
next: 


64 CPU32 68020 

48 NORM (pos) 40 
44 NORM (neg) 38 
30 2*K2-NORM 48 
63 -2*K2-NORM 56 


55 K2-Q 48 
51 Q-K2 46 
52.67 average 45.92 
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; 2380" BENCHMARKS 
nN) 2ilGis APPLICATION NOTE 


SIGNED BYTE HANDLING: CPU32 


Bytes Ciks Source Hop Top Cop Heat Teal Ceai Hea2 Tea2 Cea2 
4 7 “ move.b Q,D0” 0 0 2 1 3 5 
4 i “ move.w NORM,D1” 0 0 2 1 3 5 
2 10 bpl.s npos (taken) 2 -2 8 0 0 0 
4 bpl.s npos (not taken) 2 0 4 0 0 0 
2 2 neg.b DO 0 0 2 0 0 0 
2 2 “ emp.b D1,D0” 0 0 2 0 0 0 
2 10 bmi.s rnorm (taken) 2 -2 8 0 0 0 
4 bmi.s rnorm (not taken) 2 0 4 0 0 0 
2 2 neg.b DO 0 0 2 0 0 0 
2 2 “ emp.b D1,D0” 0 0 2 0 0 0 
2 10 bmi.s m2k2 (taken) 2 -2 8 0 0 0 
4 bmi.s m2k2 (not taken) 2 0 4 0 0 0 
4 i “ sub.b k2,d0" 0 0 2 1 3 5 
2 10 bra.s next 2 -2 8 0 0 0 
4 i “m2k2: move.b K2,d0” 0 0 2 1 3 5 
2 2 neg.b DO 0 0 2 0 0 0 
2 10 bra.s dmn 2 -2 8 0 0 0 
2 2 “tnorm: move.b D1,D0” 0 0 2 0 0 0 
2 10 bra.s next 2 -2 8 0 0 0 
2 2 “npos: cmp.b D1,D0" 0 0 2 0 0 0 
2 10 bp! rnorm (taken) 2 -2 8 0 0 0 
4 bp! rnorm (not taken) 2 0 4 0 0 0 
2 2 neg.b DO 0 0 2 0 0 0 
2 2 “ emp.b D1,D0" 0 0 2 0 0 0 
2 10 bpl.s p2k2 (taken) 2 -2 8 0 0 0 
4 bpl.s p2k2 (not taken) 2 0 4 0 0 0 
4 7 “ add.b K2,D0” 0 0 2 1 3 5 
2 10 bra.s next 2 -2 8 0 0 0 
4 7 “p2k2: move.b k2,d0” 0 0 2 | 3 5 
2 2 “dmn: add.b d0,d0” 0 0 2 0 0 0 
2 2 “sub.b d1,d0” 0 0 2 0 0 0 
—-  ——_ next: 


64 48 NORM (pos) 
Aq NORM (neg) 


55 2*K2-NORM 
63 -2*K2-NORM 
59 K2-0 

51 Q-K2 

92.67 average 
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Z380™ BENCHMARKS 
APPLICATION NoTE 


SIGNED BYTE HANDLING: 68020 


wo 
oO 
o> 
o 
= 
oO 


Bytes Clks Source 


4 6.5 “move.b Q,D0” 3 6 8 
4 6.5 “move.w NORM,D1” 3 6 8 
2 7.5 bpl.s npos (taken) 3 6 9 
3.5 bpl.s npos (not taken) 1 4 5 
2 2 neg.b DO 0 2 3 
2 2 “cmp.b D1,D0” 0 2 3 
2 Ves bmi.s rnorm (taken) 3 6 9 
3.5 bmi.s rnorm (not taken) 1 4 5 
2 2 neg.b DO 0 2 3 
2 2 “emp.b D1,D0” 0 2 3 
2 7.5 bmi.s m2k2 (taken) 2 6 9 
3.5 bmi.s m2k2 (not taken) 1 4 5 
4 7.5 “sub.b k2,d0” 3 6 9 
2 15 bra.s next 3 6 ) 
4 6.9 “m2k2: move.b K2,d0” 3 6 8 
2 2 neg.b DO 0 2 3 
2 75 bra.s dmn 3 6 9 
2 2 “rnorm: move.b D1,D0" 0 2 3 
2 10 bra.s next 3 6 9 
2 2 “npos: cmp.b D1,D0" 0 2 3 
2 7.5 bp! rnorm (taken) 3 6 9 
3.9 bp! rnorm (not taken) 1 4 5 
2 2 neg.b DO 0 2 3 
2 2 “emp.b D1,D0” 0 2 3 
2 7.5 bpl.s p2k2 (taken) 3 6 g 
3.9 bpl.s p2k2 (not taken) 1 4 5 
4 te “add.b K2,D0" 3 6 9 
2 7.5 bra.s next 3 6 9 
4 6.5 “p2k2: move.b k2,d0” 3 6 8 
2 2 “dmn: add.b d0,d0” 0 2 3 
2 2 “sub.b d1,d0” 0 2 . 
—_ —S—- ——__ next: 


64 39.5 NORM (pos) 
37.5 NORM (neg) 
48 2*K2-NORM 
50:0 -2*K2-NORM 
48.5 K2-Q 
46.5 Q-K2 
45.92 average 


‘ 2380” B 
ASILAS ADSLICATON NOTE 
SIGNED BYTE HANDLING: 80380 


; the following Z380 code handles signed bytes. 

; there are 3 signed byte variables in memory, Q, K2, and NORM. 
; Actually NORM can range from -256 to +255, so we test the 
‘ MSbyte of a 16-bit NORM but use only the LSbyte otherwise. 
; The result is as follows 

: if NORM < 0 then 

: if NORM > -Q then result := NORM 

else if NORM > Q then result := -2*K2-NORM 

else result := Q - K2 

; else if NORM <= Q then result := NORM 

else if NORM <= -Q then result := 2*K2-NORM 

else result := K2- Q 

; Routines can leave the result wherever is most convenient. 

; this code is not warranted to be correct nor operative, and is 
; intended for performance benchmarking purposes only 

; this code assumes the global LW bit is cleared 


Bytes Clks 
S 6 LD A,(Q) ; get variable 
4 2 LD HL,K2 ; address of variable 
3. 66 LD BC,(NORM) ; get variable 
1 2 OR B,B ; test if NORM positive 
2 26 JR Z,nNpos ; around if so 
2 2 NEG A ;-Q 
1 2 CP A,C ; -Q-NORM 
3 62/6 JP S,rnorm ; go if -Q-NORM<0, NORM>-Q 
2 2 NEG A ae, 
1 2 CP A,C ; Q-NORM 
3 «62/6 JP S,m2k2 ; go if Q-NORM<0, NORM>Q 
1 6 SUB A,(HL) ;Q-K2 
2 6 JR next 
| 6 m2k2 LD A,(HL) > K2 
2 2 NEG A ;-K2 
2 6 JR dmn 
1 2rnorm: LD A,C > NORM 
2 6 JR next 
| 2 npos: CP A,C ; Q-NORM 
3 6/6 JP NS,rnorm ; go if Q-NORM>=0, NORM<=Q 
2 2 NEG A ;-Q 
| 2 CP A,C ; -Q-NORM 
3 6/6 JP NS,p2k2 go if -Q-NORM>=0, NORM<=-Q 
1 6 ADD A,(HL) ;K2-Q 
2 6 JR next 
1 6 p2k2: LD A,(HL) ;K2 
1 2 dmn: ADD AA »+- 2K2 
1 2 SUB A,C » +- 2K2 - NORM 
next: 


2 NORM (pos) 36 
NORM (neg) 38 
2*K2-NORM 46 
-2*K2-NORM — 50 


K2-Q 44 
Q-K2 42 
average 42.67 
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Z380™ BENCHMARKS 


wn) Pad | APPLICATION NOTE 
SIGNED BYTE HANDLING: 80960KA 


# the following 80960KA code handles signed bytes. 

# there are 3 signed byte variables in memory, Q, K2, and NORM. 
# Actually NORM can range from -256 to +255, so we test the 

# MSbyte of a 16-bit NORM but use only the LSbyte otherwise. 

# The result is as follows 

# if NORM < 0 then 


# if NORM > -Q then result := NORM 

# else if NORM > Q then result := -2*K2-NORM 
# else result := Q - K2 

# else if NORM <= Q then result := NORM 

# else if NORM <= -Q then result := 2*K2-NORM 
# else result := K2- Q 


# Routines can leave the result wherever is most convenient. 
# this code is not warranted to be correct nor operative, and is 
# intended for performance benchmarking purposes only 


Bytes ID 
8 B Idib Q,r4 # get variable 
8 C Idis NORM,r3 # get variable 
8 D Idib K2,r5 # get variable 
4 E subi r4,0,r6 # make -Q 
4 F bbc 8,13,nNpos # around if NORM non-negative 
4 G cmpibgt r3,r6,next # result=NORM if NORM>-Q 
4 H cmpibat r3,r4,m2k2 # go if NORM>Q 
4 | subi r5,r4,r3 # result = Q- K2 
4 J b next 
4 K m2k2: sub r5,0,r5 # -K2 
4 Lp2k2: add r5,r5,r5 
4 M sub r3,r5,r3 
4 N b next 
4 O npos: cmpible r3,r4,next # result=NORM if NORM<=Q 
4 P cmpible r3,r6,p2k2 # go if NORM<=-Q 
4 Q subi r4,r5,r3 # result = K2-Q 
next 


76 26 NORM (pos) see attached chart 
26 NORM (neg) 
36 2*K2-NORM 
37 -2*K2-NORM 
29 K2-Q 
30 Q-K2 
30.67 average 
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i 2380” BENCHMARKS 


Signed Byte Handling: 80960KA 


Idib |Ildis |ldib |subi |bbc |cmpibgt jcmpibgt {subi |b {sub {add jsub {|b —|cmpible icmpible |subi |next 
JF | TT fcommonstat | TT 
|| petal 


Ce Daa a (= a Se (Beene as (pe (Pave (a eee (ae (ee (IE 
Pisi S| SIX | | ([F _|begincaseNORM(neg)| | | | | | | i 
20; | ___iF eae ey Re (ee 


ae ae Ae See (eae ae 
a oo end case NORM (neg) 7 i as ees eee ee 
pio} | IX TF fbegincase-2°k2-nom [| | CT 
a ae el a (ee) De as 


22 D F Cae Sn Ree, een (Pry Se ee 
Pe | HO aa 
See a ae ee | ee ae eee ee ee 
eae a aa |e eee eS Re a 
a ea (a | ee ea | | ee eke eae eee ee a 
ey. ar ee) ies ae X a: ae ae 


37] dT end case -2°K2-NORM ae i ee eae A 
ee ogee ee 
pO he 2a Os el ae ie ee 


8-22 


Signed Byte Handling: 80960KA 
X X lend case Q-K2 


[36| lend case 2°k2-NORM | am (ee 
P19] [begin casek2-Q || 
201 


F-2-) a (n ( ( ee (eV 
29] end case K2-Q | | = Ei ee ee ee 


2380” BENCHMARKS 
APPLICATION NOTE 
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2380" B 
A SILAS APPLICATION NOTE 
MULTIPLY/ACCUMULATE: 80186 


; this 80186 code performs a 16-bit multiply/accumulate: 

; several 16-bit variables pre-exist in memory, including 

; CURSEC, POSN_ERR, S_GRAT, and K_GRAT. In addition, 
; two tables S_TABLE and C_TABLE are of a size equal to 

; the possible range of values of CURSEC. .16-bit results 

; of this calculation in memory include S_VALUE, K_VALUE, 
; R_CP, and two accumulators S_LACCUM and K_ACCUM: 


S_VALUE := S_TABLE(CURSEC) 
K_VALUE := C_TABLE(CURSEC) 
S_ ACCUM := S_ACCUM + ((S_VALUE*POSN_ERR)/64) 
K_ACCUM := K_ACCUM + ((K_VALUE*POSN_ERR)/64) 
R_CP := (S_VALUE*S_GRAT + K_VALUE*K_GRAT) / 32 


to optimize memory accessing, all routines may assume 

that variables S_VALUE, S_GRAT, S_ACCUM, K_VALUE, K_GRAT, 
K_ACCUM are consecutive in memory in whatever order is 
optimal for their instruction set, while CURSEC. POSN_ERR, 
S_TABLE, and C_TABLE are at unrelated locations. R_CP 

can be in either place. 


- the order in this version in S_VALUE, S_ACCUM, S_GRAT, K_VALUE, 
* K_ACCUM, K_GRAT, R_CP. 


; this code is not warranted to be correct nor operative, and is 
; intended for performance benchmarking purposes only 


; this code assumes all the variables are in the DS segment 


Bytes Clks 

4 9 MOV SI,WORD PTR CURSEC 

2 2 SHL Sl, 1 

4 9 MOV AX,S_TABLE[S]] ‘get S_VALUE from table 
3 4=24 MOV BX,S_VALUE - Start pointer into variables 
2 12 lp: MOV [BX],AX ; save VALUE 

2 2 MOV BP,AX ‘ save in register 

4 42 IMUL AX,WORD PTR POSN_ERR ; AX:=LS16, DX:=MS16 

3 11 ‘SHR AX,6 divide LS16 by 64 

2 2 SHL DX, 1 

2 2 SHL DX, 1 

2 3 OR - AH,DL : divide by 64 

1 3 INC BX 

1 3 INC BX 

2 10 ADD WORD PTR [BX],AX 

1 3 INC BX 

1 3 INC BX 

2 9 MOV AX,[BX] ; get GRAT 
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Z380™ BENCHMARKS 


9=36 MOV WORD PTR R_CP,AX 


A Silas APPLICATION NOTE 
2 36 IMUL AX,BP ‘ times VALUE 

1 3 INC BX 

1 3 INC BX 

3 3=150 CMP BL,K_VALUE MOD 256 

2 4/13 JNE kdone ; around if K group done 

2 2 MOV CX,DX ; save MS16 of product 

2 2 MOV DI,AX ; save LS16 of product 

4 9 MOV AX,C_TABLE[S]] ; get K_VALUE from table 

2 14=27 JMP Ip ; go back and do K group 

2 3 kdone: ADD AX,DI ‘add S_VALUE*S_GRAT to K... 
2 3 ADC DX,CX 

3 10 SHR AX,5 

3 8 SHL DX,3 

2 3 OR AH,DL ; divide by 32 

3 

72 


404 (2441504+44+27+1504+13+36) 
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A 2iLGB 
MULTIPLY/ACCUMULATE: 680X0 


; this 680x0 code performs a 16-bit multiply/accumulate: 
; several 16-bit variables pre-exist in memory, including 


Z380™ BENCHMARKS 
APPLICATION NOTE 


; CURSEC, POSN_ERR, S_GRAT, and K_GRAT. In addition, 


; two tables S_TABLE and C_TABLE are of a size equal to 

; the possible range of values of CURSEC. 16-bit results 

; of this calculation in memory include S_VALUE, K_VALUE, 
; R_CP, and two accumulators S_ACCUM and K_ACCUM: 


: § VALUE := S_TABLE(CURSEC) 
- K VALUE := C_TABLE(CURSEC) 


; K_LACCUM := K_ACCUM + ((K_VALUE*POSN_ERR)/64) 


- § ACCUM := S_ACCUM + ((S_VALUE*POSN_ERR)/64) 
- R_CP := (S_VALUE*S_GRAT + K_VALUE*K_GRAT) / 32 


; to optimize memory accessing, all routines may assume 


; that variables S_VALUE, S_GRAT, S_ACCUM, K_VALUE, K_GRAT, 
; K_ACCUM are consecutive in memory in whatever order is 
; optimal for their instruction set, while CURSEC. POSN_ERR, 


. S_TABLE, and C_TABLE are at unrelated locations. R_CP 
; can be in either place. 


- the order in this version is S_VALUE, S_ACCUM, S_GRAT, 


; K_VALUE, K_-ACCUM, K_GRAT, R_CP. 


; this code is not warranted to be correct nor operative, and is 


; intended for performance benchmarking purposes only 


; the size/clocks figures assume all data is in the first 


; 64K bytes 
Bytes Clks (CPU32) 
4 7 MOVE.W 
6 10 MOVE.W 
4 D LEA 
2 5 MOVE.W 
2 2 MOVE.W 
4 31 MULS.W 
2 6 ASR.L 
2 i ADD.W 
2 29 MULS.W 
6 10 MOVE.W 
2 5 MOVE.W 
2 2 MOVE.W 
4 31 MULS.W 
2 6 ASR.L 
2 7 ADD.W 
2 29 MULS.W 
2 2 ADD.L 
2 6 ASR.L 
2 4 MOVE.W 
54 204 clocks (CPU32) 


212 clocks (68020) 


CURSEC,DO 
S_TABLE(DO.W*2),D1 
S_VALUE,AO 
D1,(A0)+ 

D1,D2 
POSN_ERR,D1 

#6,D1 

D1,(AO)+ 

(A0)+,D2 
C_TABLE(D0.W*2),D1 
D1,(AO)+ 

D1,DO 
POSN_ERR,D1 

#6,D1 

D1,(AO)+ 

(A0)+,D0 

D2,D0 

#5,DO 

DO,(AO)+ 


‘ get S_VALUE from table 

‘ Start pointer into variables 
; store S_VALUE 

; copy it 


; divide by 64 

‘add into accumulator 
*S_GRAT*S_VALUE 

; get K_VALUE from table 
‘ store K_VALUE 

‘copy it 


‘ divide by 64 

‘add into accumulator 

* K_GRAT*K_VALUE 

-S _GRAT*S_VALUE + K_GRAT*K_VALUE 
; (32 

- save that in R_CP 


: Z380™ BENCHMARKS 
) Pad | APPLICATION NOTE 


MULTIPLY/ACCUMULATE: CPU32 


Bytes Clks Source Hop Top Cop Heai Teal  Ceal 
4 7 “MOVE.W CURSEC,DO” 0 0 2 1 3 5 
6 10 “MOVE.W S_TABLE(DO.W*2),D1” 0 0 2 2 2 8 
4 5 “LEA S_VALUE,AO” 0 @) 2 | 1 3 
2 5 "“MOVE.W D1,(A0)+” 1 1 5 O 0 0 
2 2 “MOVE.W D1,D2" @) 0 2 O 0 0 
4 31 “MULS.W POSN_ERR,D1” 0 0 26 | 3 5 
2 6 “ASR.L #6,D1” 4 0 6 0 0 0 
2 7 “ADD.W D1,(A0)-+” 0 3 5 1 1 3 
2 29 “MULS.W (A0)+,D2” 0 0 26 1 1 3 
6 10 “MOVE.W C_TABLE(DO.W*2),D1" @) 0 2 2 2 8 
2 5 “MOVE.W D1,(A0O)+” 1 1 5 0 0 0 
2 2 “MOVE.L D1,D0” 0 0 2 0 0 me 
4 31 “"MULS.W POSN_ERR,D1” 0 0 26 1 3 2) 
2 6 “ASR.L #6,D1” 4 O 6 0 0 0 
a2 867 “ADD.W D1,(A0)+" 0 3 5 1 1 3 
2 29 “MULS.W (A0)+,D0” 0 0 26 | 1 3 
2 2 “ADD.L D2,D0” 0 0 2 0 0 0 
2 6 “ASR.L #5,D0” 4 O 6 0 0 0 
2 4 “MOVE.W DO,(A0)+” 1 1 5 0 0 0 


On 
iS 
iN 
O 
a 
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A 2iLAsS 


MULTIPLY/ACCUMULATE: 68020 


Bytes Cliks 


MOMPMP]! YMONMANMNM! DNHMNMA]T MONMAOA 
1<@) 
o1 
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Source 


“MOVE.W CURSEC,DO” 
“MOVE.W S_TABLE(DO.W*2),D1” 
"LEA S_VALUE,AO0” 

"MOVE.W D1,(A0)+” 

"MOVE.W D1,D2” 


“MULS.W POSN_ERR,D1” 
“ASR.L #6,D1” 

"ADD.W D1,(A0)+” 

“"MULS.W (AO)+,D2” 

“MOVE.W C_TABLE(DO.W*2),D1” 


“MOVE.W D1,(A0)+” 
"MOVE.L D1,D0” 
“MULS.W POSN_ERR,D1” 
“ASR.L #6,D1” 

"ADD.W D1,(A0) +” 


“MULS.W (A0)+,D0” 
“ADD.L D2,D0" 
“ASR.L #5,D0” 
“MOVE.W DO,(A0)+” 


w 
© 


oe) 


ae Coe he NWOMOAT]T APPON WD! OAD WA DW 


Q 
© 


—k 


—_ 


—L. 


OM W OOMWNMAL OWWDW] OAM OD 
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A SiLAS APPLICATION NOTE 
MULTIPLY/ACCUMULATE: 80380 


- this 80380 code performs a 16-bit multiply/accumulate: 

; several 16-bit variables pre-exist in memory, including 

; CURSEC, POSN_ERR, S_GRAT, and K_GRAT. In addition, 
; two tables S_TABLE and C_TABLE are of a size equal to 

; the possible range of values of CURSEC. 16-bit results 

of this calculation in memory include S_VALUE, K_VALUE, 
; R_CP, and two accumulators S_ACCUM and K_ACCUM: 


S_VALUE := S_TABLE(CURSEC) 
K_VALUE := C_TABLE(CURSEC) 

S ACCUM := S_ACCUM + ((S_VALUE*POSN_ERR)/64) 
K_ACCUM := K_ACCUM + ((K_VALUE*POSN_ERR)/64) 
R_CP := (S_VALUE*S_GRAT + K_VALUE*K_GRAT) / 32 


; to optimize memory accessing, all routines may assume 

; that variables S_VALUE, S_GRAT, S_ACCUM, K_VALUE, K_GRAT, 
; K_ACCUM are consecutive in memory in whatever order is 

; optimal for their instruction set, while CURSEC. POSN_ERR, 

; S_TABLE, and C_TABLE are at unrelated locations. R_CP 

; can be in either place. 


- the order in this version in S_VALUE, S_ACCUM, S_GRAT, K_VALUE, 
* K_ACCUM, K_GRAT, R_CP. 


; this code is not warranted to be correct nor operative, and is 
; intended for performance benchmarking purposes only 
; this code assumes that the global LW and XM bits are cleared. 


Bytes Clks 

4 6 LD IX,(CURSEC) 

2 2 ADD IX, IX 

2 2 DDIR IB 

5 8 LD HL,(IX+S_TABLE) ; get S_VALUE from table 
2 2 DDIR IB 

5 8 LD lY,(IX+C_TABLE) ; get K_VALUE from table 
3 2=35 LD DE,S_VALUE ; Start pointer into variables 
2 3 Ip: LD (DE),HL ; save VALUE in memory 
2 2 LD IX,HL ; Save in reg 

4 6 LD BC,(POSN_ERR) 

3 10 MULTW  HL,BC ; VALUE * POSN_ERR (16x16=32) 
2 2 DDIR LW 

| 2 ADD HL,HL 

2 2 DDIR LW 

1 2 ADD HL,HL 

1 2 LD A,H 

2 2 SWAP ae 

1 2 LD H,L 

1 2 LD LA ; 16 bit product/64 

1 2 INC DE 

1 2 INC DE 

2 6 LD BC,(DE) ; get accum 

1 2 ADD HL,BC ; add 

2 3 LD (DE),HL ; save accum 
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A 2iLdS 
MULTIPLY/ACCUMULATE: 
Bytes Clks 

| 2 INC 

1 2 INC 

2 6 LD 

1 2 INC 

1 2 INC 

2 2 LD 

3 10 MULTW 
2 2 LD 

| 2 CP 

2 2/6=89 JR 

2 2 DDIR 

2 3 EX 

2 6=11 JR 

2 2kdone: DDIR 

2 2 ADD 

2 2 DDIR 

1 2 ADD 

2 2 DDIR 

1 2 ADD 

2 2 DDIR 

1 2 ADD 

1 2 LD 

2 2 SWAP 

1 2 LD 

1 2 LD 

3 6=30 LD 
95 254 (35+89+11+89+30) 


2380” BENCHMARKS 
APPLICATION NOTE 


80380 (Continued) 


HL,(DE) - get GRAT 


BC,IX ; retrieve value 

BC ; GRAT*VALUE 
A,K_VALUE MOD 256 

A,E 

NZ,kdone ; around if K group done 


LW 
HL, IY * HL:=K_VALUE, IY:=S_VALUE*S_GRAT 
Ip ; and go do K group 


HL,lY ; S_VALUE*S_GRAT + K_VALUE*K_GRAT 


HL,HL ; 32-bit left shift 3 


LA ; sum div 32 
(R_CP),HL ; save that 


A ZILAS 


Z380™ BENCHMARKS 


APPLICATION NOTE 


MULTIPLY/ACCUMULATE: 80960KA 


# this 80960 code performs a 16-bit multiply/accumulate: 
# several 16-bit variables pre-exist in memory, including 


+b th HE OE HE 


Sh tk 4k tk atk 


S VALUE := S_TABLE(CURSEC) 
K_VALUE := C_TABLE(CURSEC) 
S_ ACCUM := S_ACCUM + ((S_VALUE*POSN_ERR)/64) 
K_ACCUM := K_ACCUM + ((K_VALUE*POSN_ERR)/64) 
R_CP := (S_VALUE*S_GRAT + K_VALUE*K_GRAT) / 32 


CURSEC, POSN_ERR, S_GRAT, and K_GRAT. In addition, 
two tables S_TABLE and C_TABLE are of a size equal to 
the possible range of values of CURSEC. 16-bit results 

of this calculation in memory include S_VALUE, K_VALUE, 
R_CP, and two accumulators S_ACCUM and K_ACCUM: 


# to optimize memory accessing, all routines may assume 

# that variables S_VALUE, S_GRAT, S_ACCUM, K_VALUE, K_GRAT, 
# K_ACCUM are consecutive in memory in whatever order is 

# optimal for their instruction set, while CURSEC. POSN_ERR, 

# S_TABLE, and C_TABLE are at unrelated locations. R_CP 


# can be in either place. 


# the order in this version is S_VALUE, S_ACCUM, S_GRAT, 
# K_VALUE, K_ACCUM, K_GRAT, R_CP. 


# this code is not warranted to be correct nor operative, and is 
# intended for performance benchmarking purposes only 


Idos 
Idis 
Idis 
Ida 
mov 
muli 
stis 
Idis 
Idis 
shri 
addi 
muli 
stis 
cmpibne 
addi 
Idis 
mov 
b 
addi 
shri 
stis 


oO 


kdone: 


Bytes 
8 
8 
8 
8 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
8 
4 
4 
4 
4 
4 


104 92 (see chart) 


<CAMDOVOZETAST ~TOMMOVOD | oO 


CURSEC,r3 
POSN_ERR,r4 
S_TABLE[r3*2],r5 
S_VALUE,r6 
r6,r12 

r4,r5,r7 
r5,0(r6) 
2(r6),r8 
A(r6),r9 
6,r7,17 

r7,r8,r8 
r5,r9,r9 
r8,2(r6) 
r6,r12,kdone 
6,r6 
C_TABLE[r3*2],r5 
r9,r13 

Ip 

r13,r9,r9 
5,r9,r9 
r9,6(r6) 


# get variables 


# get S_VALUE from table 
# start pointer into variables 
# Copy that 

# S_VALUE*POSN_ERR 

# save S_VALUE 

# get accum 

# get S_GRAT 

# divide by 64 

# accumulate 

# S_VALUE*S_GRAT 

# Save accum 


# get K_VALUE from table 


#S_VALUE*S_GRAT + K_VALUE*K_GRAT 
# divide by 32 
# save in R_CP 


H Z380™ BENCHMARKS 
nN) Pad | APPLICATION NOTE 


Multiply/Accumulate: 80960KA 


BS A SP SD 


a a se (ee (ae as eee | ee ee ee 
3-2 ae Oe ae es ae ee SE ee ee Se ee i ee ee ee 
7 ae ee 


[DF i___|muttiplytime based ontyp 16 bitdata | |} | 

ae 1 (a al aes ee ee 
X F ear ee ae ae Se ae ee a 
Fe) Hae EER Fa (PG | ae ee ee an air 
26) | TK Aon EA TTT ey 
p27; | tt IX Done 


| 
fe le a OP 
Ea a | (a (A ae (ee |, 2s 
Fee ee ie I A a Re Pa Aa (ey ea a = ee bee 
Fa RAR (ea a Pee (a cee es (01: ee ee 
56 IC ae |! XI ae 
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APPLICATION NOTE 


eisiaonlt india BOS60KA 


soi | | CT TX [onB 
Ea a a i 


he 
-—ix fw ff | io jer ff tT 
ION a Ne rel a ele Me ed 
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. Z380™ BENCHMARKS 
“A Pad | APPLICATION NOTE 


INTERRUPT: 80186 


; This 80186 code handles Rx Status interrupts from a 16C30. 
It is evaluated for an overrun condition, so that End Of 

; Frame processing, which is handled by a separate subroutine, 
; doesn’t count toward the totals. 


: tis not warranted to be correct nor operative, and is 
; intended for performance benchmarking purposes only 


‘It assumes the USC is in a 24-bit addressed memory space 
- and that the hardware includes byte/word addressing 
; hardware (i.e., an environment like the IUSC/AT Starter Kit) 


Bytes Clks 


oo (interrupt latency per intel 186 Hardware Ref Man p.9-22) 
rxStint: 
; save registers 
36 PUSHA 
; begin handling the interrupt 
13 MOV AxX,uscBase/16 
2 MOV ES,AX ; address of USC to ES 
14 MOV BYTEPTRES:DCCR,clrlIP+RS_IP ; clear IP 
qa MOV AX,ES:RCSR _ ; get status 
S TEST AL,rxOver 
4 JZ noOver ; around if no overrun 
; handle Rx overrun 
14 MOV BYTE PTR ES:RCSR+1,EnterHuntMode ; force Hunt 
18 OR BYTE PTR ES:CCAR+1,PurgeRx ; purge Rx command 
; handle RxBound (end of frame) 
3 noOver:TEST AL,rxBound 
13 JZ noEOF 
CALL NEAR PTR procEOF 
; clear interrupt hardware 
3 noEOF: AND AL,OF6H 
17 MOV BYTEPTRES:RCSR,AL ; unlatch status bits we saw 


10 MOV AL,ES:RICR ; get IA bits 
14 MOV BYTEPTRES:RICR,O — ; clear them 
11 MOV ES:RICR,AL ‘ rearm them 


14 MOV BYTE PTR ES:DCCR+1,clrlUS+RS_IUS ; clear JUS 
; restore registers, dismiss interrupt and return 


51 POPA 
28 [RET 
328 


A 2ILAS 
INTERRUPT: 680X0 


; This 680x0 code handles Rx Status interrupts from a 16C30. 

; It is evaluated for an overrun condition, so that End Of 

; Frame processing, which is handled by a separate subroutine, 
‘ doesn't count toward the totals. 

; It is not warranted to be correct nor operative, and is 

; intended for performance benchmarking purposes only 


It assumes the USC is in a 24-bit addressed memory space 
; and that the hardware includes byte/word addressing 
; hardware (i.e., an environment like the IUSC/AT Starter Kit) 


Bytes Clks (CPU32) 
32 interrupt (per CPU32 ref man p.8-27) 
rxStint: 
; Save registers 
4 73 MOVEM.L AO-6/D0-7,-(SP) ; could save less, but we don’t 
; begin handling the interrupt know what procEOF does... 
6 7 LEA  uscBase,A0 
6 10 MOVE.B #clriP+RS_IP,DCCR(AO) ; Clear IP 
4 7 MOVE.W RCSR(AO),DO; get status 
4 4 BIST #rxOv,DO ; test overflow 
2 4 BEQ  noOver ; around if not 


; handle Rx overrun 
6 10 MOVE.B #EnterHuntMode,RCSR+1(A0) ; force Rx into Hunt 
6 12 OR.B #PurgeRx,CCAR+1(A0) ; issue purge Rx command 
; handle RxBound (end of frame) 


4 4 BIST #rxBnd,DO 
2 10 BZ noEOF ; around if no End of Frame 
4 BSR procEOF ; call subr if so 
; clear interrupt hardware 
4 5 noEOF: AND.B #$F6,DO ; mask status 
4 6 MOVE.B DO,RCSR(AQ) ; unlatch status bits we saw 
4 7 MOVE.B RICR(AO),DO ; save arm bits 
4 6 CLR.B RICR(AO) ; disarm all 
4 6 MOVE.B DO,RICR(AO) ; rearm 
6 10 MOVE.B #clrlUS+RS_IUS,DCCR+1(A0) 


; restore regs, dismiss interrupt and return 
74 MOVEM.L (SP)+,A0-6/D0-7 
26 RTE 


313 clocks (CPU32) 
288 clocks (68020) 


Z380™ BENCHMARKS 
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A Zila 


INTERRUPT: 68020 


Bytes 


MOA ODA HAHAAANMPMAWONMAA OO HK 


80 
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Ciks 


Source 

interrupt 

“MOVEM.L AO-6/DO-7,-(SP)” 

“LEA uscBase,A0” 

“MOVE.B #clrlP+RS_IP,DCCR(AO)” 
“MOVE.W RCSR(AO),DO” 

“BIST #rxOv,DO0” 

BEQ noOver (not taken) 


“"MOVE.B #EnterHuntMode,RCSR+1(A0)” 
“OR:B #PurgeRx,CCAR+ 1(A0)” 

“BTST #rxBnd,DO0” 

BZ noEOF (taken) 

BSR procEOF 

“AND.B #$F6,D0” 

“MOVE.B DO,RCSR(AO0)” 

“MOVE.B RICR(AO),DO” 

CLR.B RICR(AO) 

“MOVE.B DO,RICR(AOQ)” 

“MOVE.B #clrlUS+RS_IUS,DCCR+1(A0)” 
“MOVEM.L (SP)+,A0-6/D0-7” 

RTE 


Ww 
Q 


of 
Nh — 


wO-- OW— —$— WW Ww 


NOnNWWOAWW O 


OO 


= 1O 
me ba 


oF ee oe Se 


MNUNNOON OS 


— OO 


= 
oO 


48 


on 
ice) N 


omen anon & 


PO NNN © ON OD 


KK 
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WN) SLais APPLICATION NOTE 
INTERRUPT: 80380 


; This 880 code handles Rx Status interrupts from a 16C30. 

- It is evaluated for an overrun condition, so that End Of 

; Frame processing, which is handled by a separate subroutine, 
; doesn’t count toward the totals. 

; tis not warranted to be correct nor operative, and is 

; intended for performance benchmarking purposes only 


It assumes the USC is in a 24-bit addressed memory space 
; and that the hardware includes byte/word addressing 
; hardware (i.e., an environment like the |USC/AT Starter Kit) 


Bytes Clks 
18 (interrupt time) 
rxStint: 
; save registers 

2 2 DDIR LW 

2 6 PUSH SR ; save old control settings 

3 4 LDCTL SR,intBank ; one reg bank dedicated 

for unnested interrupts 

‘ begin handling the interrupt 

2 2 DDIR IB 

5 4 LD IX,uscBase ; set 24-bit address of USC 

4 6 LD (IX+DCCR),clirlP+RS_IP ; clear IP bit 

4 7 LD BC,(IX+RCSR) ; get status 

2 2 BIT rxOv,C 

2 2/6 JR Z,noOver ; around if no overflow flag 
; handle Rx overrun 

4 6 LD (IX+RCSR+1),EnterHuntMode ; force Rx hunt mode 

3 7 LD A,(IX+CCAR+1) 

2 2 OR A,PurgeRx 

3 6 LD (IX+CCAR+1),A; issue purge Rx command 
; handle RxBound (End of Frame) 

2 2/6 noOver:BIT rxBd,C 

3 2 CALL NZ,procEOF _ ; call End of Frame procedure 
‘ clear interrupt hardware 

2 2 AND C,OF6H 

3 6 LD (IX+RCSR),C  ; unlatch status bits we saw 

3 7 LD A,(IX+RICR) — ; get IA bits 

4 6 LD (IX+RICR),O =; drop IA bits 

3 6 LD (IX+RICR),A — ; rearm them 

4 6 LD (IX+DCCR+1),clriUS+RS_IUS  ; clear IUS 
‘ restore registers, dismiss interrupt and return 

2 2 DDIR LW 

2 8 POP SR 

2 8 RET 

66 133 
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- Z380™ BENCHMARKS 
A) cjilLOis APPLICATION NOTE 


INTERRUPT: 80960KA 


‘ This 80960KA code handles Rx Status interrupts from a 16C30. 
; It is evaluated for an overrun condition, so that End Of 

; Frame processing, which is handled by a separate subroutine, 
; doesn’t count toward the totals. 

; It is not warranted to be correct nor operative, and is 

; intended for performance benchmarking purposes only 


It assumes the hardware includes byte/word addressing 
; hardware (like the IUSC/AT Starter Kit) 


Bytes ID 


fp AA RO 


ApH AAHA LA 


AHAAADA HBA 


aa 


B # interrupt (est per description pp.8-5,6, 80960KA prog ref man) 
# add 24 more (total 61 if new local register set not avail) 

rxStint: 

# save registers not applicable 

# begin handling the interrupt 


C Ilda uscBase,r3 # set address of USC 
D Ida clrIP+RS_IP,r4 
E stob r4,DCCR(r3) #clear IP 
F Idos RCSR(r3),r5  #getstatus 
G bbc ~~ rxOv,r5,noOver # around if no overrun 
# handle Rx overrun 
H Ida EnterHuntMode,r4 
| stob r4,RCSR+1(r3) # force Rx into Hunt Mode 
J Idob = CCAR+1(r3),r4 
K Ida PurgeRx,r6 
L or r6,r4,r4 
M stob r4,CCAR+1(r3) # issue Purge Rx command 
# handle RxBound (end of frame) 
N noOver: bbc = rxBnd,r5,noEOF# around if no RxBound 
O call procEOF # handle the End of Frame 
# Clear interrupt hardware 
P noEOF: andnot9,r5,r5 # mask status 
Q stob 15,RCSR(r3)  #unlatch status bit we saw 
R Idob ~=RICR(r8),r4 # save arm bits 
S mov 0,0,r5 # make a zero 
T stob =r5,RICR(r3) # Clear the arm bits 
U stob  r4,RICR(rs) # rearm 
V Ida clrlUSC+RS_IUS.r6 
W stob 16,DCCR+1(r3) # clear IUS 
# dismiss interrupt and return 
X ret 


Y (plus hardware end-of-interrupt sequence) 


92 123 clocks (per attached chart) 
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" Z380™ BENCHMARKS 
A) Pm | LS APPLICATION NOTE 


Interrupt: BOS60KA 


el 
| ft tT | [restore process controls from int record fae ees ee 
ES) ee a a (ee A ae (a (a ap ae a a ee 
7 ae ee 
i) ae a = a ie 


fe el ils al a Ne ee Ne Sele the 

Coen ee (RAR, (RN ARS SER Hee [A] SS ORR (Ne (AN SS ee (Sn A ( 

ter | tT Teatioc stack frame. remove mterruptrecord || | is 
= a a | is 


ee a a ae as eae a aR ea 
pte2t tT ewitch backtoformerstack | TTT TT tos 
SSS RS ae a a CR a Sa eee ee (RN ee a me He Ds Ce 
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A SILAS 
BLOCK MOVE CALCULATIONS 
80960KA 
Ilpi6: Idq (r3),r8 # 7 Clocks 
subi = 16,r5,r5 # 1 
stq r8,(r4) #5 
addi 16,r3,r3 # 1 
addi 16,r4,r4 # 1 
cmpibge 16,r5,1p16 #5 
# 20 clocks/16 bytes = 1.25 clocks/byte 
CPU82: Hop Top Cop Heat Tea Cea1 Hea2 
Ip: MOVE.L (AO)+,(A1)+ 2 4 8 1 0 2 1 
DBRA_ D0O,LP 6 0 10 
; total = Ceai-MIN(Teat,Hea2)+Cea2-MIN(Tea2,Hop)+Cop-MIN(Top,H??[next]) 
2 - 0 +3- 1 +8 - 4 = 8 
0 0 0 @ +10- 1 = 9 
17 


17/4 bytes = 4.25 clocks/byte 


68020: BC CC subs 
Ip: MOVE.L (A0)+,(A1)+ 7 ré Fé 
DBRA DO,LP 3 6 4.5 
shy Pe) 


11.5/4 bytes = 2.875 clocks/byte 


80380: 


LDIRW 3+54+3= 11 clocks/4 bytes = 2.75 clocks/byte 


80186: 


MOVSW 8 clocks/2 bytes = 4 clocks/byte 
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Tea2 Cea2 


| 


3 


. Z380™ BENCHMARKS 
aN eilds APPLICATION NOTE 


Summary of Benchmarks 


INormalizedto25MHz60380, | TT 
IER: TIER I ies reed eerie: Aimee Onetene enn SE DEE 
Proc i (.80186]_CPUZ2] CPU32|__68020| _68020| 2380] —Z380| ——Z380/ 80960KA| 80960KA| 
clockrate,MHz | 16] te] 25] 16] 25] 1G | 40] 6] 5 
ekperiod, nS | 2S] 25] 40] 2.5] 40] 62.5] 4] 25] 2.5] 40 
naa! 
| 92 


ante ae 
WOLoop(bytes) | ST. 
Bytes, 2380=1 | 94] 442] 1.42] 1.42] 1.42] 1.00) | 1.00] 1.85] 1.85) 
10 top (formula) 60+80°N 
WOLoop(ciks@N=1) | 140] 127] 127] 104] 104] 4] 84] 4] 80] 
WO Loop(nS@N=1) | 8750] 7938] 5080] 6500] 4160) 5875) 3760) 2350) 5000] 3200 
INS, N=1, 25MHz2Z380=1 | 2.33] 2.11] 1.35] 1.73] 1.41] 1.56] 1.00] 0.63] 1.33] 0.85 
WOLoop(cks@N=8) | 700/666] 666] 440] 440] 465] 465] 465] 248/248 
WO Loop(nS@N=8)_ _—|—-43750| 41625 26640/ 27500| 17600) 29063| 18600] 11625) 15500| _—9920| 
INS, N=8, 25MHzZ380=1_ | 2.35] 2.24] 1.43] 1.48] 0.95] 1.56] 1.00| 0.63 
eee eee Seer 


2. 


L—— 


=| 


| 1.23] 1.23] 
signed bytes (clks) a |) eC) a) ee <) | 1 
signedbytes(nS)_— | 4917/3292] 2107 1917 


nS, _25MHz 2380=1 2.88] 1.93] 1.23] 1.68] 1.08] 1.56] 1.00] 0.63) 1.12] 0.72) 
rare ee aaa ee 


4 
multiply/accum (bytes) | _72| 84| Sala] sa|—SC* 

bytes (Z380=1) ——=«Y~—~=«e| 0.87] 0.87] 0.87] 0.87] 1.00| 1.00] 1.00] 1.09] 1.09 
mutiply/accum (ks) | 404] 204 _204| _212| _212| _254[___254] 254] 92) 92] 
imuttplylaccum (nS) | 28250] 12750, _8160| _13250| _8480| 15875] 10160] __6350| __750| 3680] 
nS, 25MHz z360=1 | _2.49[1.25| _0.80[ _1.30| 0.83| _1.56| _1.00 | 
cain! fe 


| 42t| 1.21] 1.00) 

| 313] 288] 288] 133] 133] 133) 123) 123) 
interrupt(nS)_— | 20500) 19563] 12520{ 18000] 11520/ 8313/5320) 3325] 7688) 4920 
INS, 25MHzZ380=1 | 3.85] 3.68] 2.35] 3.38] 2.17] 1.56] 1.00] 0.63] 1.45] 0.92 
Se aes ares ie ee ee 


Re eae Nal eS eee 
Block move, clks/byte_ | 4.00/ 4.25] 4.25] 2.875] 2.875! 2.75] 2.75] 2.75] 1.25] 1.25 
Block move, nS/byte | 250) 266] 170] 80] 115] 172] 1t0]_— 9] 78] 50 
INS, 25MHzZ380=1 | 2.27) 2.41] 1.55] 1.63 | 1.56] 1.00] 
ae) 
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QUESTIONS AND ANSWERS 


GENERAL OVERVIEW 


Q: 


A: 


> O 


What is currently assigned as the value in the Chip ID 
version register? 

Currently the value OOH is assigned to the Z380 MPU, 
and other values are reserved. Note that the internal 
[/O address for this register is OFFH. 


Can data be accessed in the memory space beyond 
the 64K boundary in Native mode? 

Yes. The Z380 in Native/Word mode behaves exactly 
like the Z80, but has access to the entire 4 Gbytes of 
memory for data and 4G locations of I/O space be- 
cause the upper 16 bits of all CPU registers (except 
the PC) are still accessable to the software using new 
Z380 instructions. Note that the program must reside 
within the first 64K of memory because the upper word 
of the PC is not accessable in Native mode and is 
always all zeros in this mode. 


Z380 is binary code compatible with which processor? 
The Z80 and 2180. Please note that the Z380 is not 
binary code compatible with the Z280. 


: What are the two modes that Z380 can operate in? 


The Z380 can operate in Native mode or Extended 
mode. In Native mode all of the address manipulations 
operate on 16-bit quantities whereas in Extended 
mode all of the address manipulations operate on 32- 
bit quantities. 


What are the specifics of the Z380 PC in Extended 
mode? 

In extended mode the PC increments across all 32 bits 
since the entire 4G Byte of addressing capability is in 
use. 


: How would one determine during a memory read, 


whether or not the cycle is instruction fetch or data? 


: There is a Fetch signal available in the PGA version 


that goes active during an instruction fetch. 


: What are the Interrupt acknowledge and I/O transac- 


tions timings relative to? 


: All of the Interrupt Acknowledge and I/O transactions 


are in reference to the I/O clock which is a program 
controlled divided-down version of the BUSCLK. 


: How can the Z380 return from Extended to Native 


mode of operation? 


: Hardware Reset is the ONLY way that one can go back 


to Native mode. 


: Is the Z380 an Intel based architecture or Motorola 


based? 


: The Z380, being compatible with the original Z80, is 


Intel based. Intel based means the memory organiza- 
tion is the “LSbyte first followed by MSbytes” whereas 
the Motorola architecture has “MSbyte first followed by 
LSbytes”. 
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MEMORY CHIP SELECTS AND WAIT STATE 
GENERATORS 


Q: 


A: 


9-2 


How many wait states can be inserted using the on- 
chip Wait State Generator on Z380? 

Up to 14 Wait states can be inserted in each of 6 
different memory areas. There is one wait state gen- 
erator for each of the six Chip Select signals for 
addressing Lower, Upper and Midrange memory sec- 
tions. 


: How would a user disable the memory chip selects 


and their associated wait state Generators? 


: These can be enabled or disabled by writing a single 


register, the Memory Selects Master Enable Register 
(MSMER) at internal I/O address 00000010H. 


: Howarethe Chip Select signals resolved if the memory 


areas are programmed to overlap? 


: The/LMCS signal takes precedence over the /UMCS 


signal, which in turn takes precedence over the 
/MCS3-/MCSO signals. 


“vy 


ILCs 


™ 
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RESET 


Q: 
A: 


>O 


What is the effect of the reset on the Z380? 
Reset will cause the address and data lines to float. All 
of the control lines will go to the inactive state. 


: What is the status of the memory chip select signals 


during Reset? 


: They are all tri-stated, since the Address bus is tri- 


stated. 


: Will reset affect all of the registers on Z3807 
: Not all of the registers are effected by Reset. CPU 


registers are not affected by Reset. Please refer to 
Product spec DC#6003-02 page 102 for the effect of 
Reset on Z380 CPU and related I/O registers. 


: How long do one need to have the /RESET line active 


for proper operation? 

The /RESET line must be kept Low for a minimum of 10 
BUSCLK cycles. The /RESET signal does not need to 
be synchronized to BUSCLK. 


: When is the /RESET signal be internally by the CPU? 


The /RESET input signal may be asynchronous to 
BUSCLK, though it is sampled internally by the falling 
edge of BUSCLK. For proper initialization of the MPU 
V 5p Must be within operating specification and BUSCLK 
must be stable for more than 10 cycles with /RESET 
held low. 


: Does the/RESET inputinclude a Schmitt-trigger buffer? 
: Yes. The /RESET input on Z380 includes a Schmitt- 


trigger buffer to facilitate power-on reset generation 
through a simple RC network. 


: Howare the devices external to the Z380 MPU that are 


clocked by IOCLK affected by /RESET pulse width? 


A: This depends on the specific device, but in general 


they will require a /RESET pulse width that spans 
several IOCLK cycles for proper initialization. 


: How many BUSCLK cycles after the deassertion of 


/RESET will the Z380 proceed to fetch the first instruc- 
tion? 


: The first memory read, for an instruction fetch, will start 


3.5 BUSCLK cycles after the deassertion of /RESET, 
providing that the proper setup and hold times are met 
with respect to the BUSCLK falling edge. 


: When is the first IOCLK rising edge after deassertion 


of /RESET signal? 


: The first rising edge of IOCLK occurs 11.5 BUSCLK 


cycles after the deassertion of /RESET, providing that 
the proper setup and hold times are met with respect 
to the BUSCLK falling edge. This first rising edge on 
IOCLK is proceeded by a minimum of 4 BUSCLK 
cycles where IOCLK is Low. 


: What happens if the /BREQ signal is active when 


/RESET is deasserted? 


: In this case the Z380 will relinquish the bus instead of 


fetching the first instruction, but the |OCLK synchroni- 
zation will still take place as it normally does. 


AQ 2iLAS 
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REFRESH TRANSACTIONS 


Q: 


9-4 


What will happen if the Z380 cannot provide refresh 
transactions when it relinquishes the system bus, 
because of a bus request via /BREQ? 

The number of missed refresh requests are accumu- 
lated in a counter and when the Z380 regains the 
system bus, the missed refresh transactions will be 
performed. 


What is the maximum number of missed Refresh 
requests that can be counted? 

The maximum number of missed refresh requests that 
can be accumulated is 255. Any missed refresh re- 
quests over this maximum will be lost. 


PO 


Can you disable the refresh function on the Z380? 
Yes. Unlike the Z80, with the Z380 you can disable the 
whole refresh mechanism. This is controlled by a bit in 
Refresh Register 2 (RFSHR2) at internal I/O address 
00000015H. Note that the refresh mechanism is dis- 
abled by hardware Reset. 


: How would the user defines the interval between the 


Refresh requests to the External interface logic? 

The interval is controlled by the Refresh Register O 
(RFSHRO) at internal l/O address 00000013H. A value 
“n” in this register will specify request intervals to be 4n 
BUSCLK periods. If this register is programmed with 
all zeros the period will be 1024 BUSCLK periods. 
Note that small values of “n” will result in the refresh 
mechanism taking substantial portions of the bus 
bandwidth, and if wait states are used, asmall enough 
value for “n” will lock up the Z380 because requests 
will be coming faster than they are occurring on the 
bus. 


A ZiLAS 
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POWER DOWN MODE 


Q: 


A: 


What are the status of the output drivers when the CPU 
is in power down situation? 

When the Z380 is without the power the output drivers 
appear to be in a high impedance state. 


How many ways are available to exit the Standby 
mode? 

One can exit standby mode by: /BREQ, /RESET, /NMI, 
or /INTO-3. Note that /BREQ can be disabled as a 
Standby mode exit condition with a bit in the Standby 
Mode Control Register (SMCR) at internal I/O address 
00000016H. Also, /INTO-3 will only cause an exit from 
the Standby mode if interrupts were globally enabled 
(with the IEF1 flag) when the Standby mode was 
entered. 


> O 


: Howcould auser select the warm-up time appropriate 


for the crystal being used? 
The WM2-WM0O bits in the Standby Mode Control 
Register (SMCR) at internal I/O address O0000016H 
control the warm-up time for the crystal oscillator when 
exiting the Standby mode. 


: If the Standby mode option is not enabled, how does 


the Z380 interpret the SLP (Sleep) instruction? 

In this case the SLP instruction is interpreted and 
executed identically to the HALT instruction, stopping 
the Z380 from further instruction execution. 


: Inthe above case what would happen to/HALT signal? 


In this case the /HALT signal goes to active (Low) to 
indicate that the Z380 is in the Halt state. 


ON 


iLCis 


MEMORY INTERFACING 


Q: 
A: 


> O 
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What is the function of the /MSIZE signal? 

This is an input from addressed memory location 
indicating whether the memory is byte-wide (Low) or 
word-wide (High). 


: During bus cycles where /MSIZE is Low (indicating a 


byte-wide bus) are the /BHEN and /BLEN signals 
valid? 

If /MSIZE is Low during a transaction, /BHEN and 
/BLEN no longer have any meaning. For byte-wide 
memories, the /BHEN and /BLEN signals should be 
combined into a single enable, if necessary. 


: How will the data being transferred if /MSIZE is low? 


The addressed memory should be connected to D15- 
D8, and an additional memory transaction will auto- 
matically be generated to complete a word size data 
transfer. 


: Which portion of the data bus does the Z380 write or 


read with /BHEN Low? 
/BHEN Low indicates that D15-D8 is being used to 
transfer data. 


: Which portion of the data bus does the Z380 write or 


read with /BLEN Low? 
/BLEN Low indicates that D7-D0O is being used to 
transfer data. 


: How would the interface be designed for a byte-wide 


memory module? 

Attach the memory module to D15-D8. The memory 
module should assert /MSIZE Low during the memory 
transaction when it is accessed. The Z380 will gener- 
ate an additional transaction to complete the word 
read or write. 


: Why isthe dataon the data bus called “byte swapped”? 


On the data bus, the lower significant byte of an “even 
aligned” word is placed on D15-D8, and the higher 
significant byte is placed on D7-DO. 


T™ 
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What does an “even aligned” word mean? 

This means that the lower significant byte has an 
“even” address (AO=0), and its higher significant byte 
has the next higher address (AO=1). 


Q: How would the interface be designed for a word-wide 


memory module? 


A: Attach the “even” addressed byte of a word-wide 


memory to D15-D8. Attach the “Odd” addressed byte 
of a word-wide memory to D7-DO. 


Q: Describe the memory access to byte-wide module. 
A: 

/BHEN /BLEN AO OD15-D8 D7-D0 
Byte Read (Even) 0 1 0 Byte Ignore 
Read (Odd) 1 0 1 Byte Ignore 
Write (Odd) re 0 Byte Byte 
Write (Even) | 0 1 Byte Byte 


Q: Describe the memory access to a word-wide module. 


A: 
(Aligned) /BHEN /BLEN AO D15-D8 D7-DO 
Word Read 0 0 0 LSByte MSByte 
Write 0 0 0 LSByte MSByte 
/BHEN /BLEN AO D15-D8 D7-D0 
Byte Read (Even) 0 ] 0 Byte Ignore 
Read (Odd) 1 0 | Ignore Byte 
Write (Odd) 0 1 0 Byte Byte 
Write (Even) ] 0 | Byte Byte 


2380" 


AN) Zila User's MANUAL 
INTERRUPT SECTION 
Q: What is the state of the IEF1 and IEF2 flags after : Is there a problem with interrupt vectors in Extended 
execution of the DI (Disable Interrupt) instruction for mode? 
the Z380? : In Extended mode the Interrupt Vector in Interrupt 
A: BothlEF1 and IEF2 are set to zero by the Dl instruction. Mode 2 has the two least significant bits both “O”. This 
can cause a problem when connecting to Z80/Z8500 
Q: What are the specifics of /INTO Mode 3 for the 2380? peripherals if the vector includes status from those 
A: Mode 3 is similar to Mode 2 (as in the Z180 or Z80) devices. This is because most of these devices modify 
except that a 16-bit interrupt vector is expected from the vector starting with the bit just after the least- 
the peripherals. significant bit. Thus in certain cases this bit may be 
returned as a “1” from the interrupting device. 
Q: Howcan the user take advantage of INTO mode 3 with 
8-bit I/O devices? : How would the user access the Iz register (the Inter- 
A: Allofthe upper 8 bits of the data bus need to be pulled rupt Register Extension)? 
either High or Low with external resistors. : The LD |,HL and LD HL,! instructions (in Long Word 
mode) will transfer 32 bits to or from the | register. 
Q: How many clocks are required for the Interrupt se- 
quence in Interrupt mode 2 on the 2380? 
A: With no wait states and a 1X I/O bus, the time from 


/INTO assertion to the start of first service routine 
instruction fetch (Interrupt Mode 2) is 18 clocks. 


oa 


oe 


é . 
> . 
i > > 
a a ba 
i ; : 
z wren, . z 
. - ; a aaa | + ab oof 2 A De 
< . 4 t 
Aes gown yom a ate ane 
mf : ‘ 
> 
: 4 
: ‘ 
> = wet Ps + e ‘~ Ra wn vie 
oe eR NN a aren oy tn, 0% 
& > if, ~ 
? a8 - . 
heed 1 ie 3 Hd 
ees at eye 
: 
x 2 ay 2 way # 
> pies ay 
s a - + 
> i ae ee: a 
Tree ae 
Soe a ~ 
ie Awe een 
¢ ne a eos oy + ’ eee 
wm oF 7 “ BS $ a 
2 Bs cts a 
es aN 3 > 
eg - Sivas + 
< sign ste anes 
> . ¥ 
POA 
ven a crn . 
is . o * > 
Be ie a ay te 
m4 » 
2 Se spas es vee, 
. > SO 
$3 aes ihe Cant is . 
> aoe cy 
a a ° owe fg 
> H - eee: 
M ee a SS awit 
~ ~ Sg ip Mey 
ae % 


Ee 


eae 


: 
* 
z g 
- a 
ars we To ‘s 
aw gare 
* : ic 
oy ae? * 
¢ 
“a pene 
the 3 
< rs * 
a 
¥ a ¥ 2 
Maries 
* 3 . 
NE Totes 
Fox & = ar 
3 
wad <a 
be ea 
Pewee aro; 
Pe eee 
& eon : 
Oy RR NE AES 
RAT EA we Po 
v xR 
ae cee a? 
ance i oe ced 
EOE AH ows . 
ez 
a ge 
as s o> 
a ‘ 
2 : sense 
be ed 
Oe 2 
Bo ™ 
Pet acaee ae a 
ARON noma g 
Pree <n 
uae 
oe 4 = 
tt 8 F * 
Ad > 
seca 
7 ace 
ae 
od airs ar 
+ oS 2 
ad ae = 
fe Bie A oe 
re ete 
> 3 
Rese 
moet 
Gane 5 
ap, 
ae 3 
gig ce 


ney 


bot rmng 
«3 


ways y 
a Awa 


weak 


2 any 


*. 


Fe - 
we ot 
& wan * 

ne 
gu ewe 
’ 4 
“3 
Mra ied 


. 


Ne ae Bea na th A te 


> 
* 3 
3 
* 
4 ‘ nel 
ae ‘ es 
= oS 
aa 2 + 
< & 
t Fa 
weooe S, a aikene 
$3 i" pg 
a2 . Fe 
wn Be : 
aie a eat 
ree 3 pote} 
sie? 
+ tan bia 
x me) rs wea, 
meee : > 
- ar age 
& 
a we eee 3 
a a es 
wo 
4 Paneer * 
. are e ¢ 
~~ ewe 
Be PF ne wen : BH 
> « .z OF 
ne ete z 
a oe & 
Se iius E ® cot 
% * 
een 
an he wad 
baie Rae t a Tha 
«3 AST 
+ 
A We, eS 
f SES . 
vo aes wt ee 
: eee 
epee reg 
PLL aan 
were GR 
< 4 > 
eotces Se 
oR wee aad ry 
noe -* 
coe See. 
Si oo 
. . 
be 
eres hae 
a) a4 
By wee 
“ phn geneced 
a 
one 
wae 
cas My 
coe 


ro nae on 

wens + 

wri 
on 


see 


tee 


* % 
Pai 
sf 
meee 
ey, 
. 3 
ate 
ee 
an - 
Van ¢ 
was F 
were 
eae a 
ren 
x 3 
Fe nee 
Hoe 4 
Rs at 
$e 
ow 
wey 
a Saved 
eer aed 
a4 
vee 
age 
toy ox 
An aeeeg 
a tan 
fone * 
E 
Ea . 
ow ¥ 
aes 


A SILOS 


Four formats are used to generate the machine language 
bit encoding for the Z380 CPU instructions. Also, the Z380 
CPU has eight Decoder Directives which work as a Special 
escape sequence to the certain instructions, to expand its 
capability as explained in Chapter 3. 


The bit encoding of the Z380 CPU instructions are parti- 
tioned into bytes. Every instructions encoding contains 
one byte dedicated to specifying the type of operation to 
be performed; this byte is referred to as the instruction’s 
operation code, or opcode. Besides specifying a particu- 
lar operation, opcode typically include bit encoding speci- 
fying the operand addressing mode for the instruction and 
identifying any general purpose registers used by the 
instruction. Along with the opcode, instruction encoding 
may include bytes that contain an address, displacement, 
and/or immediate value used by the instruction, and spe- 
cial bytes called “escape codes” that determine the mean- 
ing of the opcode itself. 


By themselves, one byte opcode would allow the encoding 
of only 256 unique instructions. Therefore, special “es- 
cape codes” that precede the opcode in the instruction 
encoding are used to expand the number of possible 
instructions. There are two types of escape codes; ad- 
dressing mode and opcode. Escape codes for the Z80 
original instructions are one bytes in length, and the 
escape codes used to expand the Z380 instructions are 
one or two bytes in length. 


These instruction formats are differentiated by the opcode 
escape value used. Format 1 is for instructions without an 
opcode escape byte(s), Format 2 is for instructions with an 
opcode escape byte. Format 3 is for instructions whose 
opcode escape byte has the value OCBH, and Format 4 is 
for instructions whose escape bytes are OED, followed by 
OCBH. 
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For the opcode escape byte, the Z380 CPU uses ODDH 
and OFDH as well, which on the Z80 CPU, these are used 
only as an address escape byte. 


In Format 2 and 4, the opcode escape byte immediately 
precedes the opcode byte itself. 


In Format 3, a 1-byte displacement may be between the 
opcode escape byte and opcode itself. Opcode escape 
bytes are used to distinguish between two different in- 
structions with the same opcode bytes, thereby allowing 
more than 256 unique instructions. For example, the 01H 
opcode, when alone, specifies a form of a Load Register 
Word instruction; when proceeded by OCBH escape code, 
the opcode 01H specifies a Rotate Left Circular instruc- 
tion. 


Format 3 instructions with DDIR Immediate data Decoder 
Directives, 1 to 3 bytes of displacement is between the 
opcode escape byte and opcode itself. 


Format 4 instructions are proceeded by OEDH, OCBH, and 
a opcode. Optionally, with immediate word field follows. 


Addressing mode escape codes are used to determine 
the type of encoding for the addressing mode field within 
an instruction’s opcode, and can be used in instructions 
with and without opcode escape value. An addressing 
mode escape byte can have the value of ODDH or OFDH. 
The addressing mode escape byte, if present, is always 
the first byte of the instruction’s machine code, and is 
immediately followed by either the opcode (Format 1), or 
the opcode escape byte (Format 2 and 3). For example, 
the 46H opcode, when alone, specifies a Load B register 
from memory location pointed by (HL) register; when 
proceeded by the ODDH escape byte, the opcode 46H 
specifies a Load B register from the memory location 
pointed by (IX+d). 
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The four instruction formats are shown in Tables A-1 
through A-4. Within each format, several different configu- 
rations are possible, depending on whether the instruction 
involves addressing mode escape bytes, addresses, dis- 
placements, or immediate data. In Table A-1 through A-4, 
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the symbol “A.esc” is used to indicate the presence of an 
addressing mode escape byte, “O.esc” is used to indicate 
the presence of an opcode escape byte, “disp.” is an 
abbreviation for displacement and “addr.” is an abbrevia- 
tion for address. 


Table A-1. Format 1 Instructions Encodings 


Instruction Format 


Opcode 
Opcode 2-byte Address 
Opcode  1-byte Displacement 
Opcode' Immediate 
A.eSc Opcode 2-byte Address 
A.eSC Opcode __1-byte Displacement 
A.eSc Opcode Immediate 
A.eSc Opcode  1-byte Displacement Immediate 


Assembly Hexadecimal 

LD A,C 79 

LD A,(addr) 3A addr (L) addr (H) 
DJNZ addr 10 disp 

LD E,n 1En 

LD IX,(addr) DD 2A adar (L) addr (H) 
LD A, (IX+d) DD 7E disp 

LD IX,nn DD 21 n(L) n(H) 

LD (IY+d),n FD 36 dn 


Note: “A.esc” is an addressing mode escape byte, and either ODDH or OFDH. 


Table A-2. Format 2 Instructions Encodings 


Instruction Format 


Opcode 
O.esc Opcode Immediate (1 byte) 
O.esc Opcode Immediate (2 bytes) 
O.eSC Opcode Address (2 bytes) 
O.esc Opcode Displacement (1 byte) 
O.esc Opcode Displacement (2 bytes) 
O.esc Opcode Displacement (3 bytes) 


Note: “O.esc” is an opcode escape byte, and either ODDH, OEDH or OFDH. 


Assembly Hexadecimal 

LD A,C 79 

TST n ED 64n 

LD (BC),nn ED 06 n(L) n(H) 

LD BC,(addr) ED 4B addr (L) addr (H) 
CALR e ED CDe 

JR ee DD 18 d(L) d(H) 

JR eee FD 18 d(L) d(M) d(H) 


Table A-3. Format 3 Instruction Encoding 


CB Opcode 
A.eSc CB 1 Byte Displacement Opcode 


RLC (HL) CB 06 
RLC (IX+d) DD CB d 06 


Note: “A.esc” is an addressing mode escape byte, and either ODDH or OFDH. 


Table A-4. Format 4 Instruction Encoding 


ED CB Opcode 
ED CB Opcode Immediate 


RRCW BC ED CB 08 
MULTW nn ED CB 97 n(L) n(F) 
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This Appendix contains a quick reference guide when 
programming. 


It has the Z380 instructions sorted by alphabetic order. 
The column “Mode” indicates whether the instruction is 


affected by DDIR immediate Decoder Directives, Extended 
mode or Native mode of operation, and Word or Long Word 
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APPENDIX B 


Z380™ INSTRUCTIONS IN 
ALPHABETIC ORDER 


mode of operation; “I” means the instruction can be used 
with DDIR IM to expand its immediate constant, “X” means 
that the operation of the instruction is affected by the XM 
status bit, and “L” means that the instruction is affected by 
LW status bit, or can be used with DDIR LW or DDIR W. The 
Native/Extended modes, Word/Long Word modes and 
Decoder Directives are discussed in Chapter 3 in this 
manual. 
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Z Z380™ 
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Source Code Mode Object Code Source Code Mode Object Code 
ADC A,(HL) 8E ADD HL,SP X 39 

ADC A,(IX+12H) | DD 8E 12 ADD IX,BC X DD 09g 
ADC A,(IY+12H) | FD: 8E 42 ADD IX,DE X DD 19 
ADC AA 8F ADD IX, IX X DD 29 
ADC A,B 88 ADD IX,SP X DD 39 
ADC A,C 89 ADD IY,BC X FD 09 
ADC A,D BA ADD IY,DE X FD 19 
ADC A,E 8B ADD IY, IY X FD 29 
ADC A,H 8C ADD lY,SP X FD 39 
ADC A,IXL DD 8D ADD SP, 1234H | X ED 82 34 12 
ADC A,IXU DD 8C ADDW _ (IX+12H) | DD C6 12 
ADC A,IYL FD 8D ADDW — (lY+12H) | FD C6 12 
ADC A,IYU FD 8C ADDW  1234H ED 86 34 12 
ADC A,L 8D ADDW BC ED 84 
ADC HL,BC ED 4A ADDW_ DE ED 85 
ADC HL,DE ED 5A ADDW HL ED 87 
ADC HL,HL ED 6A ADDW — HL,(IX+12H) | DD Cé 12 
ADC HL,SP ED 7A ADDW — HL,(IY+12H) | FD C6 12 
ADCW __ (IX+12H) | DD CE 12 ADDW — HL,1234H ED 86 34 12 
ADCW _ (IY+12H) | FD CE 12 ADDW  HL,BC ED 84 
ADCW  1234H ED 8E 34 12 ADDW HL,DE ED 85 
ADCW BC ED 8C ADDW — HL,HL ED 87 
ADCW_ DE ED 8D ADDW ~ HL,IX DD 87 
ADCW HL ED 8F ADDW HL,IY FD 87 
ADCW — HL,(IX+12H) | DD CE 12 ADDW IX DD 87 
ADCW  HL,(IY+12H) | FD CE 12 ADDW IY FD 87 
ADCW — #L,1234H ED 8E 34 12 AND (HL) AG 

ADCW HL,BC ED 8C AND (IX+12H) | DD A6 12 
ADCW HL,DE ED 8D AND (I¥+12H) | FD A6 12 
ADCW © HL,HL ED 8F AND 12H E6 12 
ADCW_ #HL,IX DD 8F AND A A7 

ADCW FEL,IY FD  8F AND A,(HL) A6 

ADCW _ IX DD 8F AND A,(IX+12H) | DD A6 12 
ADCW IY FD 8F AND A,(IY+12H) | FD A6 12 
ADD A,(HL) 86 AND A,12H E6 12 
ADD A,(IX+12H) | DD 86 12 AND AJA A7 

ADD A,(IY+12H) | FD 86 12 AND A,B AO 

ADD A,12H C6 12 AND A,C At 

ADD A,12H CE 12 AND A,D A2 

ADD A,A - 87 AND A,E A3 

ADD A,B 80 AND A,H A4 

ADD A,C 81 AND A,IXL DD ASd 
ADD A,D 82 AND A,IXU DD A4 
ADD A,E 83 AND A,IYL FD A5 
ADD A,H 84 AND A,IYU FD A4 
ADD A,IXL DD 85 AND A,L A5 

ADD A,IXU DD 84 AND B AO 

ADD A,IYL FD 85 AND C Al 

ADD A,IYU FD 84 AND D A2 

ADD A,L 85 AND E A3 

ADD HL,(1234H) | X ED C6 34 12 AND H A4 

ADD HL,BC X 09 AND IXL DD A5 
ADD HL,DE X 19 AND IXU DD A4 
ADD HL,HL X 29 AND IYL FD Ad 
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Source Code Mode Object Code Source Code Mode Object Code 
AND IYU FD A4 BIT 3,D CB 5A 
AND L A5 BIT SF CB 5B 
ANDW ~ (IX+12H) | DD E6 12 BIT 3,H CB 5C 
ANDW _ (l¥+12H) | FD E6 12 BIT 3k CB 5D 
ANDW 1234H ED A6 34 12 BIT 4,(HL) CB 66 
ANDW BC ED A4 BIT 4,(IX+12H) | DD CB 12 66 
ANDW_ DE ED AS BIT 4,(IY+12H) | FD CB 12 66 
ANDW HL ED A7 BIT 4,A CB 67 
ANDW — HL,(IX+12H) | DD E6 12 BIT 4,B CB 60 
ANDW — HL,(IY+12H) | FD E6 12 BIT 4,C CB. 61 
ANDW — #HL,1234H ED A6 34 12 BIT 4,D CB 62 
ANDW — HL,BC ED A4 BIT 4,.E CB 63 
ANDW  HL,DE ED AS BIT 4,H CB 64 
ANDW — HL,HL ED A7 BIT 4,L CB 65 
ANDW — HL,IX DD A7 BIT 5,(HiL} CB GE 
ANDW HL,IY FD A7 BIT 5,(IX+12H) | DD CB 12 6E 
ANDW _ IX DD A7 BIT 5,(IY+12H) | FD CB 12 6E 
ANDW IY FD LAT BIT 5,A CB 6F 
BIT 0,(HL) CB 46 BIT 5,B CB 68 
BIT 0,(IX+12H) | DD CB 12 46 BIT BG CB 69 
BIT 0,(IY+12H) | FD CB 12 46 BIT 5,D CB 6A 
BIT 0A CB 47 BIT 5,E CB 6B 
BIT 0,B CB 40 BIT 5,H CB 6C 
BIT 0,C CB 41 BIT 5 L CB 6D 
BIT 0,D CB 42 BIT 6,(HL) CB 76 
BIT 0,E CB 43 BIT 6,(IX+12H) | DD CB 12 76 
BIT O,H CB 44 BIT 6,(IY+12H) | FD CB 12 76 
BIT O,L CB 45 BIT 6,A CB 77 
BIT 1,(HL) CB 4E BIT 6,B CB 70 
BIT 1,(IX+12H) | DD CB 12 4E BIT 6,C CB 71 
BIT 1,(IY+12H) | FD CB 12 4E BIT 6,D GB. 2 
BIT 1,A CB 4F BIT 6,E CB 73 
BIT 1,B CB 48 BIT 6,H CB 74 
BIT 1,C CB 49 BIT 6,L CB 75 
BIT 1,D CB 4A BIT 7,(HL) CB /7E 
BIT 1,E CB 4B BIT 7,(IX+12H) | DD CB 12 7E 
BIT 1,H CB 4C BIT 7,(IV+12H) | FD CB 12 7E 
BIT 1,L CB 4D BIT 7,A CB 7F 
BIT 2,(HL) CB 56 BIT 7,B GB: 78 
BIT 2,(IX+12H) | DD CB 12 56 BIT 7,C CB 79 
BIT 2,(IY+12H) | FD CB 12 56 BIT 7,D CB 7A 
BIT 2, CB 57 BIT fale CB 7B 
BIT 2,B CB 50 BIT 7,H CB 7C 
BIT 2,C CB 51 BIT dake CB 7D 
BIT 2,D CB 52 BTEST ED CF 
BIT 2,E CB 53 CALL 1234H | X CD 34 12 
BIT 2,H CB 54 CALL C,1234H | X DC 34 12 
BIT 2. CB -65 CALL M,1234H | X FC 384 12 
BIT 3,(HL) CB -5SE CALL NC,1234H | X D4 34 12 
BIT 3,(IX+12H) | DD CB 12 5E CALL NZ,1234H | X C4 34 12 
BIT 3,(IY+12H) | FD CB 12 5E CALL P,1234H | X F4 34 12 
BIT 3,A CB 5F CALL PE,1234H | X EC 34 12 
BIT 3,B CB 58 CALL V, 1234H | X EC 34 12 

| X F4 34 12 


BIT 3,C CB 59 CALL PO,1234H 
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Source Code 


CALL 
CALL 
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NV, 1234H 
Z,1234H 
123456H 
1234H 

12H 
C,123456H 
C,1234H 
C,12H 
M,123456H 


NC,1234H 
NC,12H 
NZ,123456H 
NZ,1234H 
NZ,12H 
P,123456H 
P,1234H 
P,12H 

PE, 123456H 
PE, 1234H 
PE,12H 
PO,123456H 
PO,1234H 
PO,12H 
Z2,123456H 
Z,1234H 
Z,12H 


(HL) 
(IX+12H) 
(IY+12H) 
12H 

A 

A,(HL) 
A,(IX+12H) 
A,(IY+12H) 
A,12H 


KKK KK KOK OK OK OK OK OK OK KOK KK KKK KK KKK KK OK XK 


Object Code 


DD BD 
DD BC 
FD BD 
FD BC 


12 


12 


12 


12 


12 


12 


12 


12 


Source Code 


HL 


(IX+12H) | 


HL,(IX+12H) | 
HL,(IY+12H) | 
HL,1234H 
HL,BC 

HL,DE 

HL,HL 

HL,IY 

IY 


(IX+12H) | 
(IY+12H) | 
A 

B 

BC 


Mode 


x KK XK 
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Source Code Mode Object Code Source Code Mode Object Code 
DEC IY X FD 2B EX BC,BC’ L ED CB 30 
DEC IYL FD 2D EX BC,DE L ED 05 
DEC IYU FD 25 EX BC,HL L ED OD 
DEC L 2D EX BC,IX L ED 03 
DEC SP X 3B EX BC, IY L ED OB 
DECW BC X OB EX C,C’ CB 31 
DECW DE X 1B EX D,D’ CB 32 
DECW HL X 2B EX DE,DE’ L ED CB 31 
DECW IX X DD 2B EX DE,HL L EB 

DECW IY X FD 2B EX DE,IX L ED 13 
DECW SP X 3B EX DE,IY L ED 1B 

DI 1FH DD F3 iF EX EE CB 33 

DI F3 EX H,H’ CB 34 
DIVUW (IX+12H) | DD CB 12 BA EX HL,HL’ L ED CB 33 
DIVUW (IY+12H) | FD CB 12 BA EX HL,IX L ED 33 
DIVUW 1234H ED CB BF EX HL,IY L ED 3B 
DIVUW BC ED CB B8 EX IX, IX’ ED CB 34 
DIVUW DE ED CB B9 EX IX,lY L ED 2B 
DIVUW HL ED CB BB EX IY, IY’ L ED CB 35 
DIVUW HL,(IX+12H) | DD CB 12 BA EX ia is CB 35 
DIVUW HL,(IY+124) | FD CB 12 BA EXALL ED D9 
DIVUW HL,1234H ED CB BF EXTS A L ED 65 
DIVUW HL,BC ED CB B8 EXTS L ED 65 
DIVUW HL,DE ED CB B9 EXTSW HL ED 75 
DIVUW HL,HL ED CB BB EXTSW ED 75 
DIVUW HL,IX ED CB BC EXX D9 

DIVUW HL,IY ED CB BD EXXX DD D9 
DIVUW IX ED CB BC EXXY FD D9 
DIVUW IY ED CB BD HALT 76 

DJNZ 123456H X FD 10 56 34 12 IM 0 ED 46 
DJNZ 1234H x DD 10 34 12 IM 1 ED 56 
DJNZ 12H X 10 12 IM 2 ED 5E 

El 1FH DD FB 1F IM 3 ED 4E 

E| FB IN A,(12H) DB 12 
escape CB IN A,(C) ED 78 
escape DD IN B,(C) ED 40 
escape ED IN C,(C) ED 48 
escape FD IN D,(C) ED 50 
escape ED CB IN E,(C) ED 58 
escape DD CB IN H,(C) ED 60 
escape FD CB IN L,(C) ED 68 

EX (SP),HL L £8 INO (12H) ED 30 12 
EX (SP), IX L DD B38 INO A,(12H) ED 38 12 
EX (SP), IY L FD £68 INO B,(12H) ED 00 12 
EX A,(HL) ED 37 INO C,(12H) ED 08 12 
EX AJA ED 3F INO D,(12H) ED 10 12 
EX A,A’ CB 37 INO E,(12H) ED 18 12 
EX A,B ED 07 INO H,(12H) ED 20 12 
EX A,C ED OF INO L,(12H) ED 28 12 
EX A,D ED 17 INA A,(1234H) | ED DB 34 12 
EX A,E ED 1F INAW HL,(1234H) | FD DB 34 12 
EX A,H ED 27 INC (HL) 34 

EX A,L ED 2F INC (IX+12H) | DD 34 12 
EX AF, AF’ 08 INC (IN+12H) | FD 34 12 


EX B,B’ CB 30 INC A 3C 
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Source Code Mode Object Code Source Code Mode Object Code 
INC B 04 JR C,12H X 38 12 

INC BC X 03 JR NC,123456H X FD 30 56 34 12 
INC C OC JR NC,1234H X DD 30 34 12 
INC D 14 JR NC,12H X 30 12 

INC DE X 13 JR NZ,123456H X FD 20 56 34 12 
INC E 1C JR NZ,1234H X DD 20 34 12 
INC H 24 JR NZ,12H X 20 12 

INC HL X 23 JR NZ,12H X 20 12 

INC IX X DD 23 JR Z,123456H X FD 28 56 34 12 
INC IXL DD 2C JR Z,1234H X DD 28 34 12 
INC IXU DD 24 JR 2Z,12H X 28 12 

INC IY X FD 23 LD (1234H),A | 32 34 12 
INC YL FD 2C LD (1234H),BC | L ED 43 34 12 
INC IYU FD 24 LD (1234H),DE | L.. ‘ED 63°..34: 42 
INC L 2C LD (1234H),HL | L 22 34 12 
INC SP X 20 LD (1234H),HL | L ED 68 34 12 
INCW BC X 03 LD (1234H),IX | L DD 22 34 12 
INCW DE X 13 LD (1234H),IY | L FD 22 34 12 
INCW HL X 23 LD (1234H),SP | L ED 73 34 12 
INCW IX X DD 23 LD (BC),A 02 

INCW IY X FD 23 LD (BC),BC L. -FD:.0C 

INCW SP X ee: LD (BC),DE L FD iC 

IND ED AA LD (BC),HL E #Di-3C 

INDR ED BA LD (BC),IxX L DD 01 

INDRW ED FA LD (BC),IY L. FD O1 

INDW ED EA LD (DE),A 12 

INI ED A2 LD (DE),BC E.. ip Ob 

INIR ED B2 LD (DE),DE L FD 1D 

INIRW ED F2 LD (DE),HL L FD 3D 

INIW ED E2 LD (DE),IxX L DD 114 

INW BC,(C) DD 40 LD (DE),IY E. ‘FD 

INW DE,(C) DD 50 LD (HL),12H 36 12 

INW  HL,(C) DD 78 LD (HL),A 77 

JP (HL) X EQ LD (HL),B 70 

JP (IX) X DD E9 LD (HL),BC LL, 2FD:.0F 

JP (IY) X FD EQ LD  (HL),C 71 

JP 1234H | xX C3 34 12 LD (HL),D 72 

JP C,1234H lL 3x DA 34 12 LD (HL),DE LE. “FO: AF 

JP M,1234H | xX FA 34 12 LD (HL),E 73 

JP NC,12384H | X D2 34 12 LD (HL),H 74 

JP NZ,1234H | X C2 34 12 LD (HL),HL L FD 3F 

JP NS,1234H | X F2 34 12 LD (HL),IX L DD 31 

JP NV,1234H | X E2 34 12 LD (HL),IY L FD 31 

JP P,1234H | xX F2 34 12 LD (HL),L és 

JP PE,1234H | xX EA 34 12 LD (IX+12H),34H | DD 36 12 34 
JP PO,1234H | X E2 34 12 LD (IX+12H),A | DD 77 12 

JP $,1234H | xX FA 34 12 LD (IX+12H),B | DD 70 12 

JP V,1234H | xX E2 34 12 LD (IX+12H),BC | L DD CB i2 OB 
JP Z,1234H | xX CA 34 12 LD (IX+12H),C | DD 71 12 

JR 123456H X FD 18 56 34 12 LD (IX+12H),D | DD 72 12 

JR 1234H X DD 18 34 12 LD (IX+12H),E | DD 73 12 

JR 12H X 18 12 LD (IX+12H),DE | L DD CB 12 1B 
JR C,123456H X FD 38 56 34 12 LD (IX+12H),H | DD 74 12 

JR C,1234H X DD 38 34 12 LD (IX+12H),HL | L DD CB 12 3B 


A 2iLCS 


Source Code 


A,12H 


B,(HL) 
B(IX+12H) | 
B(IY+12H) | 
B,12H 

BA 


Ce 


Object Code 


12 
12 


12 
12 


Source Code 


BC,(1234H) 
BC,(BC) 
BC,(DE) 
BC,(HL) 
BC,(IX+12H) 
BC,(IY+12H) 
BC,(SP-+12H) 
BC,1234H 
BC,BC 
BC,DE 
BC,HL 

BC, Ix 

BC, IY 


D,(IX+12H) 
D,(IY+12H) 
D,12H 


DL 
DE,(1234H) 
DE,(BC) 
DE,(DE) 
DE,(HL) 

DE, (IX+12H) 
DE,(IY+12H) 
DE,(SP-+12H) 
DE,1234H 
DE,BC 
DE,DE 
DE,HL 


Mode 


Ef bhi Fo oe Pot iS 


TE Fe et Ee LT LEE. 


Object Code 


4B 34 12 


12 
12 


12 
12 


34 


12 
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LD DEJIX L DD 1B LD IXHL L DD 37 

LD DEY L FD 1B LD IXIY L DD 27 
LD E,(HL) 5E LD IXL,12H DD 2E 12 
LD E,(IX+12H) | DD 5E 12 LD IXLA DD 6F 
LD E(IY+12H) | FD 5E 12 LD IXL,B DD 68 
LD E,12H 1E 12 LD IXL,C DD 69 
LD EA 5F LD IXL,D DD 6A 
LD EB 58 LD IXLE DD 6B 
ID EC 59 LD IXL,IXL DD 6D 
LD ED 5A LD  IXL,IXU DD 6C 
LD EE 5B LD IXU,12H DD 26 12 
LD EH 5C LD IXU,A DD 67 
LD EL 5D LD IXU,B DD 60 
LD E,IXL DD 5D LD IXU,C DD 61 

LD EJIYU FD 5C LD IXU,D DD 62 

LD EYL DD 5D LD IXU,E DD 63 
LD EYU FD 5D LD IXU,IXL DD 65 
LD H,(HL) 66 LD IXU,IXU DD 64 
LD H\(IX+12H) | DD 66 12 LD 1Y,(1234H) L FD 2A 34 12 
LD H(IY+12H) | FD 66 12 LD 1Y,(BC) L FD 03 
LD H,12H 26 12 LD IY,(DE) L FD 13 
LD HA 67 LD 1Y,(HL) L FD 33 
LD HB 60 LD IY,(IX+12H) | L DD CB 12 23 
LD H.C 61 LD IY\(SP+12H) | L FD CB 12 21 
LD HD 62 LD 1Y,1234H | L FD 21 34 12 
LD HE 63 LD 1Y,BC L FD 07 
LD HH 64 LD IY,DE L FD 17 
LD HL 65 LD IY,HL L FD 37 
LD HL(1234H) | L 2A 34 12 LD IY,IX L FD 27 
LD HL,(1234H) | L ED 6B 34 12 LD IYL,12H FD 2E 12 
LD HL,(BC) L DD 3c LD LA FD 6F 
LD HL,(DE) L DD 3D LD IYLB FD 68 
LD HL,(HL) L DD 3F LD IYLC FD 69 
LD HL,(IX+12H) | L -‘DDCB 12 33 LD IYLD FD 6A 
LD HL,(IY+12H) | L FD CB 12 33 LD IYLE FD 6B 
LD HL(SP+12H) | L DDCB 12 31 LD IYLIYL FD 6D 
LD HL,1234H | L 24 34 12 LD WLIYU FD 6C 
LD HL,BC L ED 32 LD IYU,12H FD 26 12 
LD HL,DE L DD 32 LD IYUA FD 67 
LD HL,HL L FD 32 LD IYU,B FD 60 

LD HL L DD 57 LD IYU,C FD 61 

LD HLJIX L DD 3B LD IYU,D FD 62 
LD HLIY L FD 3B LD IYU,E FD 63 

LD 1A ED 47 LD IYU,IYL FD 65 

LD IHL L DD 47 LD IYU,IYU FD 64 
LD 1X(1234H) | L DD 2A 34 12 LD LHL) 6E 

LD 1X(BC) L DD 03 LD L(IX+12H) | DD 6E 12 
LD IX,(DE) L DD 13 LD L(IY+12H) | FD 6E 12 
LD IX(HL) L DD 33 LD L,12H OF 12 
LD IX(IY+12H) | L FD CB 12 23 LD LA 6F 

LD IX(SP+12H) | L DDCB 12 21 LD LB 68 

LD 1X,1234H | L. (DD24. 94.42 LD LC 69 

LD IXBC L DDO LD LD 6A 

LD IXDE L DD 17 LD LE 6B 
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LD L,H 

LD LL 

LD R,A 

LD SP,(1234H) | L 
LD SP,1234H | L 
LD SP,HL L 
LD SP, IX L 
LD SP, IY L 
LDCTL A,DSR 

LDCTL A,XSR 

LDCTL A,YSR 

LDCTL DSR,01H 

LDCTL DSR,A 

LDCTL HL,SR L 
LDCTL SR,O1H 

LDCTL SRA 

LDCTL  SR,HL L 
LDCTL XSR,O1H 

LDCTL XSRA 

LDCTL YSR,0O1H 

LDCTL YSR,A 

LDD 

LDDR 

LDDRW L 
LDDW L 
LDI 

LDIR 

LDIRW L 
LDIW L 
LDW (BC),12384H | L 
LDW (DE),1234H | L 
LDW (HL),1234H | L 
LDW HL, | L 
LDW [HL L 
MLT BC 

MLT DE 

MLT HL 

MLT SP 

MTEST 

MULTUW (IX+12H) | 
MULTUW (IY+12H) | 
MULTUW 1234H 

MULTUW BC 

MULTUW DE 

MULTUW HL 

MULTUW HL,(IX+12H) | 
MULTUW HL,(IY+12H) | 
MULTUW HL,1234H 
MULTUW HL,BC 

MULTUW HL,DE 

MULTUW HL,HL 

MULTUW  HL,IX 

MULTUW HL,IY 

MULTUW IX 

MULTUW IY 


Object Code 


ED 7B 34 
31 34 12 


ED DA 01 


DD CA 01 


DD DA 01 


FD DA O01 


ED 06 34 


ED 36 34 


12 


12 


12 


9A 


9A 
9A 
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MULTW (IX+12H) | 
MULTW (IY+12H) | 
MULTW  1234H 
MULTW BC 
MULTW DE 
MULTW HL 
MULTW -HL,(IX+12H) | 
MULTW -HL,(IY+12H) | 
MULTW -HL,1234H 
MULTW _HL,BC 
MULTW HL,DE 
MULTW) HL,HL 
MULTW HL|IX 
MULTW HL,IY 
MULTW_ IX 
MULTW_ IY 

NEG A 

NEG 

NEGW HL 
NEGW 

NOP 

OR (HL) 

OR (IX+12H) | 
OR (IY+12H) | 
OR 12H 

OR A 

OR A,(HL) 
OR A(IX+12H) | 
OR A(IY+12H) | 
OR A,12H 

OR AA 

OR A,B 

OR A.C 

OR A.D 

OR AE 

OR AH 

OR A,IXL 

OR AIXU 

OR AIL 

OR AYU 

OR AL 

OR B 

OR 6; 

OR D 

OR E 

OR H 

OR IXL 

OR IXU 

OR YL 

OR IYU 

OR L 

ORW  (IX+12H) | 
ORW  (IY+12H) | 
ORW =: 1234H 
ORW BC 


™ 


B-9 


™ 


User's MANUAL 


A 2iLAS 


Source Code Mode Object Code Source Code Mode Object Code 
ORW DE ED: .B5 PUSH AF i. “FS 

ORW HL ED B7 PUSH BC L C5 

ORW HL,(IX+12H) | DD F6 12 PUSH DE L D5 

ORW HL,(IY+12H) | FD F6 12 PUSH HL E ES 

ORW HL,1234H ED B6 34 12 PUSH IX L DD ES 

ORW HL,BC ED B4 PUSH IY L FD E5 

ORW HL,DE ED B5 PUSH SR L ED C5 

ORW HL,HL ED B/ RES =_0,(HL) CB 86 

ORW HL, |X DD B7 RES  0,(IX+12H) | DD CB 12 86 
ORW HL,IY FD B7 RES 0O,IY+12H) | FD CB 12 86 
ORW IX DD B7 RES OA CB 87 

ORW IY FD B7 RES 0,B CB 80 

OTDM ED 8B RES 0,C CB 81 

OTDMR ED 9B RES 0,D CB 82 

OTDR ED BB RES 0,E CB 83 
OTDRW ED FB RES  0,H CB 84 

OTIM ED 83 RES O,L CB 85 

OTIMR ED 98 RES —_1,(HL) CB 8E 

OTIR ED B3 RES = 1,(IX+12H) | DD CB 12 8E 
OTIRW ED F3 RES 1,(1Y+12H) | FD CB 12 8E 
OUT (12H),A D3 12 RES 1,A CB 8F 

OUT (C),12H ED 71 12 RES 1,B CB 88 

OUT (C),A ED 79 RES 1,C CB 89 

OUT (C),B ED 41 RES 1,D CB 8A 

OUT (C),C ED 49 RES 1,E CB 8B 

OUT (C),D ED 51 RES 1,H CB 8C 

OUT (C),E ED 59 RES 1,L CB 8D 

OUT (C),H ED 61 RES = 2,(HL) CB 96 

OUT (C),L ED 69 RES 2,(IX+12H) | DD CB 12 96 
OUTO = (12H),A ED 39 12 RES 2,(IY+12H) | FD CB 12 96 
OUTO = (12H),B ED 01 12 RES 2A CB 97 

OUTO = (12H),C ED 09 12 RES 2,B CB 90 

OUTO = (12H),D ED 11 12 RES 2,C CB 91 

OUTO = (12H),E ED 19 12 RES 2,D CB 92 

OUTO = (12H),H ED: 21, “12 RES 2,E CB 93 

OUTO = (12H),L ED 29 12 RES 2,H CB 94 

OUTA = (1234H),A | ED D3 34 12 RES 2,L CB 95 
OUTAW (1234H),HL | FD D3 34 12 RES —3,(HL) CB 9E 

OUTD ED AB RES  3,(IX+12H) | DD CB 12 QE 
OUTDW ED EB RES 3,(IY+12H) | FD CB 12 QE 
OUTI ED A3 RES 3A CB 9F 

OUTIW ED E83 RES 3,B CB 98 
OUTW-(C),1234H FD 79 34 12 RES 3,C CB 99 

OUTW (C),BC DD 41 RES 3,D CB 9A 
OUTW(C),DE DD 51 RES 3,E CB 9B 

OUTW (C),HL DD 79 RES 3,H CB 9C 

POP AF L F1 RES 3,L CB 9D 

POP BC L C1 RES 4,(HL) CB A6 

POP DE L D1 RES 4,(IX+12H) | DD CB 12 A6 
POP HL L Et RES 4,(IY+12H) | FD CB 12 A6 
POP IX L DD E1 RES 4A CB A7 

POP IY L FD Et RES 4,B CB AO 

POP SR L ED C1 RES 4,C CB At 

PUSH 1234H LE FD F5 34 12 RES 4,D CB A2 
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RES 4,E CB A3 RL A 

RES 4,H CB A4 RL B 

RES 4L CB A5 RL C 

RES. 5,(HL) CB AE RL D 

RES  5,(IX+12H) | DD CB 12 AE RL E 

RES = 5,(IY+12H) | FD CB 12 AE RL H 

RES 5A CB AF RL L 

RES 65,B CB A8 RLA 

RES: -5,C CB AQ RLC (HL) 

RES 5,D CB AA RLC (IX+12H) | 

RES 5,E CB AB RLC (IY+12H) |! 

RES = 5,H CB AC RLC A 

RES 5,L CB AD RLC B 

RES ~~ 6,(HL) CB B6 RLC C 

RES  6,(IX+12H) | DD CB 12 B6 RLC D 

RES = 6,(IY+12H) | FD CB 12 B6 RLC E 

RES 6A CB B7 RLC H 

RES  6,B CB BO RLC L 

RES 6,C CB B1 RLCA 

RES 6,D CB B2 RLCW (HL) 

RES 6,E CB B3 RLCW (IX+12H) | DD CB 12 02 
RES 6,H CB B4 RLCW (IY+12H) | FD CB 12 02 
RES 6,L CB B5 RLCW BC ED CB 00 
RES = 7,(HL) CB BE RLCW DE ED CB 01 
RES 7,(IX+12H) | DD CB 12 BE RLCW HL ED CB 03 
RES 7,(IY+12H) | FD: CB. 12° BE RLCW IX ED CB 04 
RES /7,A CB BF RLCW IY ED CB 05 
RES /7,B CB B8 RLD ED 6F 

RES 7,C CB BQ RLW (HL) ED CB 12 
RES /7,D CB BA RLW (IX+12H) | DD CB 12 12 
RES: *7,E CB BB RLW (IY+12H) | FD CB 12 12 
RES 7,H CB BC RLW BC ED CB 10 
RES 7,L CB BD RLW DE ED CB 11 
RESC LCK ED FF RLW HL ED CB 13 
RESC LW DD FF RLW IX ED CB 14 
reserved E55 RLW IY ED CB 15 
RET C X D8 RR (HL) CB 1E 

RET M xX  F8 RR (IX+12H) = | DD CB 12 1E 
RET NC X DO RR (I¥Y+12H) = | FD CB 12 1E 
RET NS X FO RR A CB 1F 

RET NV X EO RR B CB 18 

RET NZ X CO RR C CB 19 

RET P X FO RR D CB 1A 

RET PE X  E8 RR E CB iB 

RET PO X £0 RR H CB iC 

RET 8 X  F8 RR L CB 1D 

RET V X £8 RRA 1F 

RET Z xX C8 RRC (HL) CB OE 

RET X Cg RRC (IX+12H) | DD CB 12 OE 
RET X ED 4D RRC (IY+12H) | FD CB 12 OE 
RETN X ED 45 RRC A CB OF 

RL (HL) CB 16 RRC B CB 08 

RL (IX+12H) | DD CB 12 16 RRC C CB 09 

RL (I¥Y+12H) | FD CB 12 16 RRC D CB OA 
EEE SSS ARC: CIE CB OB 
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RRC 
RRC 
RRCA 
RRCW 
RRCW 
RRCW 
RRCW 
RRCW 
RRCW 
RRCW 
RRCW 
RRD 
RRW 


SBC 

SBCW 
SBCW 
SBCW 
SBCW 
SBCW 
SBCW 
SBCW 


H 
L 


(HL) 
(IX+12H) | 
(IY+12H) | 
BC 


(HL) 
(IX+12H) | 


HL, (IX+12H) 


Mode 


x KK KKK KK 


Object Code 


9E 


12 


12 OA 
12 OA 


12 1A 
12 1A 


12 
12 


12 


Source Code 


SBCW 
SBCW 
SBCW 
SBCW 
SBCW 
SBCW 
SBCW 
SBCW 
SBCW 
SCF 

SET 


HL, (IY +12H) 
HL, 1234H 


0,(HL) 
0,(IX+12H) 
0,(IY+12H) 


1,(HL) 
(IX+12H) 
(IY+12H) 


3,(HL) 
3,(IX+12H) 
3,(IY+12H) 
3A 


4,(IY+12H) 
4A 


Object Code 


12 
12 


12 


12 


12 


12 


12 
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C6 
C6 


CE 
CE 


D6 
D6 


DE 


E6 
E6 


A SILOS 
Source Code 
SET 4,B 

SET 4,C 

SET 4,D 

SET 4,E 

SET 4,H 

SET 4L 

SET — 5,(HL) 
SET = 5,(IX+12H) 
SET = 5,(IY+12H) 
SET 5,A 

SET 5,B 

SET 5,C 

SET 5,D 

Sel: .6,E 

SET 5,H 

SET 5,L 

SET — 6,(HL) 
SET ~~ 6,(IX+12H) 
SET ~—6,(IY+12H) 
SET 6,A 

SET 6,B 

SET 6,C 

SET 6,D 

SET 6,E 

SET  6,H 

SET 6,L 

SET _7,(HL) 
SET = 7,(IX+12H) 
SET = 7,(IY+12H) 
SET 7,A 

SET 7,B 

SET 7,C 

SET 7,D 

Sel 86» 7-6 

SET 7,H 

SET = 7,L 

SETC LCK 
SETC LW 

SETC XM 

SLA (HL) 

SLA = (IX+12H) 
SLA (IY+12H) 
SLA A 

SLA B 

SLA C 

SLA D 

SLA CE 

SLA H 

SLA L 

SLAW (HL) 
SLAW (IX+12H) 
SLAW (IY+12H) 
SLAW BC 
SLAW DE 


Mode 


Object Code 


12 
12 


12 
12 


12 
12 


12 
12 


EE 
EE 


F6 
F6 


FE 
FE 


26 
26 


22 


Source Code 


SLAW 
SLAW 
SLAW 
SLP 
SRA 


IX+12H) 
IY+12H) 


—-FrréeomMmMoaogw,Y 


HL) 
(IX+12H) 
(I¥Y+12H) 
BC 


(IX+12H) 
(IY+12H) 


A 
B 
C 
D 
E 
H 
L 


(HL) 
(IX+12H) 
(IY+12H) 
BC 


AA 
A,(IX+12H) 
A,(IY+12H) 
12H 


Mode 


Object Code 


95 


95 


12 
12 


2E 
2E 


2A 
2A 


SE 
SE 


3A 
3A 
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SUB A,IYU FD 94 XOR AJYL FD AD 
SUB AL 95 SUB XOR AYU FD AC 
HL, (1234H) | xX ED D6 34 12 XOR AL AD 

SUB SP,1234H | X ED 92 34 12 XOR B A8 

SUBW (IX+12H) DD D6 12 XOR C AQ 

SUBW (IY+12H) FD D6 12 XOR D AA 

SUBW 1234H ED 96 34 12 XOR E AB 

SUBW BC ED 94 XOR H AC 

SUBW DE ED 95 XOR IXL DD AD 
SUBW HL ED 97 XOR IXU DD AC 
SUBW HL,(IX+12H) | DD D6 12 XOR  IYL FD AD 
SUBW HL,(IY+12H) | FD D6 12 XOR  IYU FD AC 
SUBW HL,1234H ED 96 34 12 XOR L AD 

SUBW HL,BC ED 94 XORW (IX+12H) | DD EE 12 
SUBW HL,DE ED 95 XORW (IY+12H) | FD EE 12 
SUBW HL,HL ED 97 XORW 1234H ED AE 34 12 
SUBW HL,IX DD 97 XORW BC ED AC 
SUBW HL,IY FD 97 XORW DE ED AD 
SUBW IX DD 97 XORW HL ED AF 
SUBW IY FD 97 XORW HL,(IX+12H) | DD EE 12 
SWAP BC ED OE XORW HL,(IY+12H) | FD EE 12 
SWAP DE ED 1E XORW HL,1234H ED AE 34 12 
SWAP. HL ED 3E XORW HL,BC ED AC 
SWAP. IX DD 3E XORW HL,DE ED AD 
SWAP IY FD 3E XORW HL,HL ED AF 
TST (HL) ED 34 XORW HL,IX DD AF 
TST 12H ED 64 12 XORW HLIY FD AF 
TST A ED 3C XORW IX DD AF 
TST B ED 04 XORW IY FD AF 
TST C ED oC 

TST D ED 14 

TST E ED iC 

TST 4H ED 24 

TST OL ED 2C 

TSTIO 12H ED 74 12 

XOR (HL AE 

XOR (IX+12H) | DD AE 12 

XOR (IY+12H) | FD AE 12 

XOR 12H EE 12 

XOR A AF 

XOR AHL) AE 

XOR  A\(IX+12H) | DD AE 12 

XOR A(IY+12H) | FD AE 12 

XOR A12H EE 12 

XOR AA AF 

XOR AB A8 

XOR AC AQ 

XOR AD AA 

XOR AE AB 

XOR AH AC 

XOR AIXL DD AD 

XOR  A,IXU DD AC 
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The following Appendix has the Z380 instructions sorted 
by numeric order. 


The column “Mode” indicates whether the instruction is 
affected by DDIR immediate Decoder Directives, Extended 
mode or Native mode of operation, and Word or Long Word 
Mode of operation; “I" means the instruction can be used 
with DDIR IM to expand its immediate constant, “X" means 
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that the operation of the instruction is affected by the XM 
status bit, and “L” means that the instruction is affected by 
LW status bit, or can be used with DDIR LW or DDIR W. The 
Native/Extended modes, Word/Long Word modes and 
Decoder Directives are discussed in Chapter 3 in this 
manual. 
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00 NOP OF CPL 

01 34 12 LD BC,1234H | L 30 12 JR NC,12H x 
02 LD ~—- (BC),A 31 34 12 LD SP,1234H | L 
03 INC BC x 32 34 12 LD (1234H),A | 

03 INCW BC x 33 INC SP x 
04 INC 8B 33 INCW SP x 
05 DEC B 34 INC (HL) 

06 12 LD ~=B,12H 35 DEC (HL) 

07 RLCA 36 12 LD (HL),12H 

08 EX —AF,AF' 37 SCF 

09 ADD HL,BC x 38 12 JR C,12H x 
OA LD —-A((BC) 39 ADD _-HL,SP x 
OB DEC BC x 3A 34 12 LD A(1234H) | 

OB DECW BC x 3B DEC SP x 
OC INC C 3B DECW SP x 
OD DEC C 3C INC A 

OE 12 LD  ~=C,12H 3D DEC A 

OF RRCA 3E 12 LD A12H 

{0.42 DUJNZ 12H X 3F CCF 

11 34 12 LD DE1234H | L 40 LD B,B 

12 LD —(DE),A 41 LD B,C 

13 INC DE x 42 LD B,D 

13 INCW DE x 43 LD BE 

14 INC D 44 LD BH 

15 DEC D 45 LD BL 

16 12 LD ~=-—OD12H 46 LD B,(HL) 

‘7 RLA 47 LD BA 

18 12 JR 12H x 48 LD C,B 

19 ADD HL,DE x 49 LD Gxe: 

1A LD ~— ADE) AA LD C.D 

1B DEC DE x 4B LD ons 

1B DECW DE x AC LD CH 

ic INC —E 4D LD CL 

1D DEC E 4E LD C,(HL) 

1E 12 LD = E,12H 4F LD CA 

1F RRA 50 LD D,B 

20 12 JR NZ,12H x 51 LD D.C 

21 34 12 LD  HL,1234H | L 52 LD D,D 

22 34 12 LD = (1234H),HL L 53 LD D,E 

23 INC HL x 54 LD DH 

23 INCW HL x 55 LD DL 

24 INC H 56 LD D,(HL) 

25 DEC H 57 LD DA 

26 12 LD  =-H,12H 58 LD E.B 

27 DAA 59 LD E,C 

28 12 JR —-Z,12H x BA LD E,D 

29 ADD HL,HL x 5B LD EE 

2A 34 12 LD ~—-HL,(1234H) L  5C LD E,H 

2B DEC HL x 5D LD EL 

2B DECW HL x 5E LD E,(HL) 

2C INCL 5F LD EA 

2D DEC L 60 LD H,B 

OF 12 LD  L,12H 61 LD H,C 

OF CPL A 62 LD H,D 
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63 LD H,E 99 SBC A,C 
64 LD H,H 9A SBC A,D 
65 LD H,L 9B SBC AE 
66 LD H,(HL) 9C SBC A,H 
67 LD H,A 9D SBC AL 
68 LD L,B 9E SBC — A,(HL) 
69 LD L,C OF SBC AA 
6A LD L,D AO AND A,B 
6B LD WE AO AND B 
6C LD L,H Al AND A,C 
6D LD bel. Al AND C 
6E LD L,(HL) A2 AND A,D 
6F LD LA A2 AND OD 
70 LD (HL),B A3 AND AE 
71 LD (HL),C A3 AND E 
72 LD (HL),D A4 AND A,H 
73 LD (HL),E A4 AND  H 
74 LD (HL),H A5 AND AL 
75 LD (HL),L A5 AND L 
76 HALT A6 AND — (HL) 
77 LD (HL),A A6 AND — A,(HL) 
78 LD A,B A7 AND 

79 LD A,C A7 AND AA 
7A LD A,D A8 XOR A,B 
7B LD A,E A8 XOR B 
7C LD A,H AQ XOR A,C 
7D LD A,L AQ XOR C 
7E LD A,(HL) AA XOR A,D 
7F LD AJA AA XOR OD 
80 ADD AB AB XOR AE 
81 ADD AC AB XOR CE 
82 ADD AD AC XOR- AH 
83 ADD A,E AC XOR 4H 
84 ADD A,H AD XOR AL 
85 ADD AL AD XOR  L 
86 ADD A,(HL) AE XOR (HL) 
87 ADD AA AE XOR ~ A,(HL) 
88 ADC A,B AF XOR 

89 ADC A,C AF XOR AA 
BA ADC A,D BO OR A,B 
8B ADC AE BO OR B 
8C ADC AH Bi OR A,C 
8D ADC AL B1 OR C 
8E ADC A,(HL) B2 OR A,D 
8F ADC AA B2 OR D 
90 SUB AB B3 OR A,E 
91 SUB A,C B3 OR E 
92 SUB AD B4 OR A,H 
93 SUB AE B4 OR H 
94 SUB A,H B5 OR A,L 
95 SUB AL B5 OR L 
96 SUB A,(HL) B6 OR (HL) 
97 SUB AA B6 OR A,(HL) 
98 SBC A,B B7 OR 
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B7 OR AJA CB 1A RR D 
B8 CP A,B CB 1B RR Pe 
B8 CP B CB 1C RR H 
B9 CP A,C CB 1D RR L 
B9 CP C CB 1E RR (HL) 
BA CP A,D CB 1F RR A 
BA CP D CB 20 SLA ) 
BB CP A,E CB 21 SLA C 
BB GP E CB 22 SLA D 
BC CP A,H CB 23 SLA E 
BC CP H CB 24 SLA H 
BD CP A,L CB 25 SLA L 
BD CP L CB 26 SLA (HL) 
BE CP (HL) CB 27 SLA A 
BE CP A,(HL) CB 28 SRA B 
BF CP A CB 29 SRA C 
BF CP AA CB 2A SRA D 
CO RET NZ X CB 2B SRA E 
C1 POP BC CB 2C SRA 4H 
C2 34 12 JP NZ,1234H | xX CB 2D SRA L 
C334. 12 JP 1234H | xX CB 2E SRA — (HL) 
C4 34 12 CALL NZ,1234H | xX CB 2F SRA A 
C5 PUSH BC CB 30 EX B,B’ 
C6 12 ADD A,12H CB 31 EX C,C’ 
C7 RST OOH X CB 32 EX D,D’ 
C8 RET Z X CB 33 EX EE 
C9 RET X CB 34 EX H,H’ 
CA 34 12 JP Z,1234H | xX CB 35 EX LL’ 
CB 00 RLC B CB 37 EX A,A’ 
CB 01 RLC C CB 38 SRL B 
CB 02 RLC OD CB 39 SRL C 
CB 03 RLC E CB 3A SRL D 
CB 04 RLC H CB 3B SRL E 
CB 05 RLC L CB 3C SRL H 
CB 06 RLC = (HL) CB 3D SRL L 
CB 07 RLC A CB 3E SRL (HL) 
CB 08 RRC B CB 3F SRL A 
CB 09 RRC C CB 40 BIT 0,B 
CB OA RRC OD CB 41 BIT 0,C 
CB OB RRC CE CB 42 BIT 0,D 
CB OC RRC H CB 43 BIT 0,E 
CB OD RRC L CB 44 BIT 0,H 
CB OE RRC (HL) CB 45 BIT OE. 
CB OF RRC A CB 46 BIT 0,(HL) 
CB 10 RL B CB 47 BIT 0A 
CB 11 RL C CB 48 BIT 1,B 
CB 12 RL D CB 49 BIT 1,C 
CB 13 RL E CB 4A BIT 1,D 
CB 14 RL H CB 4B BIT 1,E 
CB 15 RL L CB 4C BIT 1,H 
CB 16 RL (HL) CB 4D BIT yl 
CB 17 RL A CB 4E BIT 1,(HL) 
CB 18 RR B CB 4F BIT 1,A 
CB 19 RR C CB 50 BIT 2,B 


C-4 


™ 


, 2380 
A) Zils USER'S MANUAL 


Object Code Source Code Mode Object Code Source Code Mode 
CB 51 BIT 2,C CB 87 RES OA 
CB 52 BIT 2,D CB 88 RES 1,B 
CB 53 BIT 2,E CB 89 RES 1,C 
CB 54 BIT 2,H CB 8A RES 1,D 
CB 55 BIT 2,L CB 8B RES Ve 
CB 56 BIT 2,(HL) CB 8C RES lA 
CB 57 BIT 2,A CB 8D RES 1,L 
CB 58 BIT 3,B CB 8E RES 1,(HL) 
CB 59 BIT 3,C CB 8F RES 1,A 
CB 5A BIT 3,D CB 90 RES 2,B 
CB 5B BIT 3,E CB 91 RES 2,0 
CB 5C BIT 3,H CB 92 RES 2,D 
CB 5D BIT 3,L CB 93 RES 2 E 
CB 5E BIT 3,(HL) CB 94 RES 2H 
CB 5F BIT 3,A CB 95 RES. 2b 
CB 60 BIT 4,B CB 96 RES = _2,(HL) 
CB 61 BIT 4,C CB 97 RES 2A 
CB 62 BIT 4,D CB 98 RES 3,B 
CB 63 BIT 4,E CB 99 RES 3,C 
CB 64 BIT 4,H CB 9A RES 3,D 
CB 65 BIT 4,L CB 9B RES 3,E 
CB 66 BIT 4,(HL) CB 9C RES) 3,H 
CB 67 BIT 4,A CB 9D RES 3,L 
CB 68 BIT 5,B CB 9E RES = 3,(HL) 
CB 69 BIT 5C CB 9F RES 3A 
CB 6A BIT 5D CB AO RES 4,B 
CB 6B BIT 5,6 CB At RES 4,C 
CB 6C BIT 5,H CB A2 RES 4,D 
CB 6D BIT SL CB A3 RES 4,E 
CB 6E BIT 5,(HL) CB A4 RES 4,H 
CB 6F BIT 5,A CB Ad RES 4.L 
CB 70 BIT 6,B CB A6 RES = 4,(HL) 
CB 71 BIT 6,C CB A7 RES 4A 
CB 72 BIT 6,D CB A8 RES -5)B 
CB 73 BIT 6,E CB AQ Reo: «0.6 
CB 74 BIT 6,H CB AA RES 5,D 
CB 75 BIT 6,L CB AB RES 5,E 
CB 76 BIT 6,(HL) CB AC RES 5,H 
CB 77 BIT 6,A CB AD RES 5,L 
CB 78 BIT 7,B CB AE RES — 5,(HL) 
CB 79 BIT 7,C CB AF RES 5A 
CB 7A BIT 7,D CB BO RES 6,B 
CB 7B BIT FE CB B1 RES 6,C 
CB 7C BIT Ln CB B2 RES 6,D 
CB 7D BIT Tae CB B3 RES  6,E 
CB 7E BIT 7,(HL) CB B4 RES = 6,H 
CB 7F BIT 7,A CB B5 RES 6. 
CB 80 RES 0O,B CB B6 RES — 6,(HL) 
CB 81 RES 0O,C CB B7 RES 6A 
CB 82 RES 0O,D CB B8 RES /7,B 
CB 83 RES  0,E CB B9 RES 7,C 
CB 84 RES 0H CB BA RES /7,D 
CB 85 RES O,L CB BB RES 7,E 


A ZILA 


Object Code 


Source Code 


>Srimoe0ow> 


a a a ee ee a Sr aD) 


2,B 


Object Code 


12 
12 


34 


34 


34 


12 


12 


Source Code 


NC,1234H 
(12H),A 
NC,1234H 


IX,1234H 
(1234H), IX 


™ 


USER'S MANUAL 


Mode 


x Xx x< x< x &X< x X< 


rs re re a mamas eae ea 


ee 


ae aoe eee 


A SILAS 


™ 


USER'S MANUAL 


Object Code 


34 


12 


Source Code 


IX 
IX 

IXU 

IXU 

IXU,12H 

IX,1Y 

Z,1234H 

IX,1X 

IX(1234H) | 


NC,1234H 
(HL),IX 

HL,DE 

IX,(HL) 
(IX+12H) | 
(IX+12H) | 
(IX+12H),34H | 
X,HL 

C,1234H 

IX,SP 

HL, IX 

HL,(BC) 
HL,(DE) 


B,IXL 
B(IX+12H) | 
LHL 


C,IXL 
C(IX+12H) | 
DE,(C) 
(C),DE 
D,IXU 
D,IXL 
D,(IX+12H) 
HL,| 

HL,| 

E,IXL 

EIYL 
E,(IX+12H) 
IXU,B 
IXU,C 
IXU,D 


Mode 


x X< <x X< 


BOns re 


oe as 


omer ae 


Object Code 


12 
12 


Source Code 


IXU,E 
IXU,IXU 
IXU,IXL 
H,(IX+12H) 
IXU,A 
IXL,B 

IXL,C 
IXL,D 

IXL,E 
IXL,IXU 
IXL,IXL 
L(IX+12H) 
IXL,A 


A,IXU 
A.IXL 
A,(IX+12H) 
HL, IX 


A,IXL 
A,(IX+12H) 
HL, IX 


A,IXL 
A,(IX+12H) 
HL, IX 


A,IXL 


HL,IX 


(IX+12H) 
A,(IX+12H) 
HL,IX 


Mode 


C-7 


A ZiLAG 


USER'S MANUAL 


Object Code Source Code Mode Object Code Source Code Mode 
DD AC XOR  IXU DD CB 12 2B LD (IX+12H),IY | L 
DD AD XOR- A,IXL DD CB 12 2E SRA (IX+12H) | 

DD AD XOR — IXL DD CB 12 31 LD HL,(SP+12H) | L 
DD AE 12 XOR ~~ (IX+12H) | DD CB 12 33 LD HL,(IX+12H) | L 
DD AE 12 XOR- A,(IX+12H) | DD CB 12 39 LD (SP+12H),HL | L 
DD AF XORW HL,IX DD CB 12 3A SRLW (IX+12H) | 

DD AF XORW_ IX DD CB 12 3B LD (IX+12H),HL | te 
DD B4 OR A,IXU DD CB 12 3E SRL (IX+12H) | 

DD B4 OR IXU DD CB 12 46 BIT 0,(IX+12H) | 

DD B5 OR A,IXL DD CB 12 4E BIT 1,(IX+12H) | 

DD B5 OR IXL DD CB 12 56 BIT 2,(IX+12H) | 

DD B6 12 OR (IX+12H) | DD CB 12 5E BIT 3,(IX+12H) | 

DD B6 12 OR A,(IX+12H) | DD CB 12 66 BIT 4,(IX+12H) | 

DD B7 ORW #HL,IX DD CB 12 6E BIT 5,(IX+12H) | 

DD B7 ORW IX DD CB 12 76 BIT 6,(IX+ 12H) | 

DD BC CP AIXU DD CB 12 7E BIT 7,(IX+12H) | 

DD BC CP IXU DD CB 12 86 RES 0,(IX+12H) | 

DD BD CP A,IXL DD CB 12 8E RES 1,(IX+12H) | 

DD BD CP IXL DD CB 12 92 MULTW  (IX+12H) | 

DD BE 12 CP (IX+12H) | DD CB 12 92 MULTW HL,(IX+12H) | 

DD BE 12 CP A,(IX+12H) | DD CB 12 96 RES 2,(IX+12H) | 

DD BF CPW HL,IX DD CB 12 9A MULTUW (IX+12H) | 

DD BF CPW SIX DD CB 12 9A MULTUW HL,(IX+12H) | 

DD CO DDIR W DD CB 12 9E RES 3,(IX+12H) | 

DD C1 DDIR IB,W DD CB 12 A6 RES 4,(IX+12H) | 

DD C2 DDIR IW,W DD CB 12 AE RES 5,(IX+12H) | 

DD C3 DDIR !B DD CB 12 B6 RES 6,(IX+12H) | 

DD C4 34 12 CALR NZ,1234H X DD CB 12 BA DIVUW  (IX+12H) | 

DD C6 12 ADDW  (IX+12H) | DD CB 12 BA DIVUW  HL,(IX+12H) | 

DD C6 12 ADDW HL,(IX+12H) | DD CB 12 BE RES 7,(IX+12H) | 

DD C8 LDCTL SRA DD CB 12 C6 SET 0,(IX+12H) | 

DD CA 01 LDCTL SR,0O1H DD CB 12 CE SET 1,(IX+12H) | 

DD CB 12 01 LD BC,(SP+12H) | DD CB 12 D6 SET 2,(IX+ 12H) | 

DD CB 12 02 RLCW (IX+12H) | DD CB 12 DE SEI 3,(IX+ 12H) | 

DD CB 12 03 LD BC,(IX+12H) | DD CB 12 E6 SET 4,(IX+12H) | 

DD CB 12 06 RLC = (IX+12H) | DD CB 12 EE SET 5,(IX+12H) | 

DD CB 12 09 LD (SP+12H),BC | DD CB 12 F6 SET 6,(IX+ 12H) | 

DD CB 12 OA RRCW (IX+12H) | DD CB 12 FE SET 7,(IX+12H) | 

DD CB 12 OB LD (IX+12H),BC | L DD CC 34 12 CALR Z,1234H X 
DD CB 12 OE RRC = (IX+12H) | DD CD 34 12 CALR 1234H X 
DD CB 12 11 LD DE,(SP+12H) | L DD CE 12 ADCW _ (IX+12H) | 

DD CB 12 12 RLW  (IX+12H) | DD CE 12 ADCW HL,(IX+12H) | 

DD CB 12 13 LD DE,(IX+12H) | L DD CF MTEST 

DD CB 12 16 RL (IX+12H) DD DO LDCTL A,XSR 

DD CB 12 19 LD (SP+12H),DE | L DD D4 34 12 CALR NC,1234H X 
DD CB 12 1A RRW  (IX+12H) | DD D6 12 SUBW (IX+12H) 

DD CB 12 1B LD (IX+12H),DE | L DD D6 12 SUBW HL,(IX+12H) | 

DD CB 12 1E RR (IX+12H) | DD D8 LDCTL XSR,A 

DD CB 12 21 LD IX(SP+12H) | L DD D9 EXXX 

DD CB 12 22 SLAW (IX+12H) | DD DA 01 LDCTL XSR,01H 

DD CB 12 23 LD IY (IX+12H) | L DD DC 34 12 CALR C,1234H X 
DD CB 12 26 SLA (IX+12H) | DD DE 12 SBCW (IX+12H) | 

DD CB 12 29 LD (SP+12H),IX | L. DD DE 12 SBCW HL,(IX+12H) 

DD CB 12 2A SRAW (IX+12H) | DD E1 POP IX L 


C-8 


TM 


AW Silas USER'S MANDAL 
Object Code Source Code Mode Object Code Source Code Mode 
DD E38 EX (SP), IX L ED OF EX A,C 

DD E4 34 12 CALR PO,1234H X ED 10 12 INO D,(12H) 

DD E5 PUSH IX s ED 11 12 OUTO (12H),D 

DD E6 12 ANDW (IX+12H) | ED 12 LD DE,BC Ee 
DD E6 12 ANDW_ HL,(IX+12H) | ED 13 EX DE, |X L 
DD E9 JP (IX) X ED 14 TST D 

DD EC 34 12 CALR- PE,1234H X ED 16 34 12 LDW = (DE),1234H | L 
DD EE 12 XORW (IX+12H) | ED 17 EX A,D 

DD EE 12 XORW HL,(IX+12H) | ED 18 12 INO E,(12H) 

DD F3 1F DI 1FH ED 19 12 OUTO (12H),E 

DD F4 34 12 CALR- P,1234H X ED 1B EX DE, IY L 
DD F6 12 ORW — (IX+12H) | ED iC TST E 

DD F6 12 ORW- HL,(IX+12H) | ED 1E SWAP DE 

DD F7 SETC LW ED 1F EX A,E 

DD F9 LD SP,IX . ED 20 12 INO H,(12H) 

DD FB 1F El 1FH ED 21 12 OUTO (12H),H 

DD FC 34 12 CALR M,1234H X ED 24 TST H 

DD FE 12 CPW (IX+12H) | ED 27 EX A,H 

DD FE 12 CPW HL,(IX+12H) | ED 28 12 INO L,(12H) 

DD FF RESC LW ED 29 12 OUTO (12H),L 

DE 12 SBC A,12H ED 2B EX IX,IY L 
DF RST 18H X ED 2C TST L 

EO RET NV X ED 2F EX A,L 

EO RET PO X ED 30 12 INO (12H) 

E1 POP HL L ED 32 LD HL,BC L 
E2 34 12 JP NV,1234H | xX ED 33 EX HL,IX L 
E2 34 12 JP PO,1234H | xX ED 34 TST (HL) 

E3 EX (SP),HL L ED 36 34 12 LDW (HL),1234H _~—si| L 
E4 34 12 CALL NV, 1234H | XxX ED 37 EX A,(HL) 

E4 34 12 CALL PO,1234H | xX ED 38 12 INO A,(12H) 

E5 PUSH HL L ED 39 12 OUTO (12H),A 

E6 12 AND 12H ED 3B EX HL,lY L 
E6 12 AND A,12H ED 3C TST A 

E7 RST 20H X ED 3E SWAP HL 

E8 RET PE X ED-3F EX AA 

E8 RET V X ED 40 IN B,(C) 

EQ JP (HL) X ED 41 OUT  (C),B 

EA 34 12 JP PE,1234H | xX ED 42 SBC  HL,BC 

EA 34 12 JP V,1234H | xX ED 43 34 12 LD (1234H),BC | L 
EB EX DE,HL L ED 44 NEG A 

EC 34 12 CALL V, 1234H | xX ED 44 NEG 

EC 34 12 CALL PE,1234H | xX ED 45 RETN X 
ED 00 12 INO B,(12H) ED 46 IM 0 

ED 01 12 OUTO (12H),B ED 47 LD LA 

ED 02 LD BC,BC L ED 48 IN C,(C) 

ED 03 EX BC,IX L ED 49 OUT = (C),C 

ED 04 TST B ED 4A ADC  HL,BC 

ED 05 EX BC,DE L ED 4B 34 12 LD BC,(1234H) | L 
ED 06 34 12 LDW(BC),1234H ss L ED 4C MLT BC 

ED 07 EX A,B ED 4D RET x 
ED 08 12 INO C,(12H) ED 4E IM 3 

ED 09 12 OUTO (12H),C ED 4F LD R,A 

ED OB EX BC,IY L ED 50 IN D,(C) 

ED OC TST C ED 51 OUT = (C),D 

ED OD EX BC,HL L 

ED OE SWAP BC 


C-9 


A ZiLAG 


Object Code 


ED 52 
ED 53 
ED 54 
ED 54 
ED 55 
ED 56 
ED 57 
ED 58 
ED 59 
ED 5A 
ED 5B 
ED 5C 


34 12 


34 12 


34 12 
12 


34 12 


34 12 


34 12 
34 12 


Source Code 


SBC  HL,DE 

LD (1234H),DE 
NEGW) HL 
NEGW 

reserved 

IM | 

LD A,| 

IN E,(C) 
OUT  (C),E 
ADC HL,DE 

LD DE,(1234H) 
MLT DE 

IM 2 

LD A,R 

IN H,(C) 
OUT (C),H 
SBC — HL,HL 

LD (1234H),HL 
TST 12H 

EXTS A 

EXTS 

RRD 

IN LC) 
OUT (C),L 
ADC — HL,HL 

LD HL,(1234H) 
MLT HL 

RLD 

OUT = (C),12H 
SBC _HL,SP 

LD (1234H),SP 
TSTIO. 12H 
EXTSW HL 
EXTSW 

SLP 

IN A,(C) 
OUT (C),A 
ADC HL,SP 

LD SP,(1234H) 
MLT SP 

ADD ~~ SP,1234H 
OTIM 

ADDW BC 
ADDW_ HL,BC 
ADDW DE 
ADDW_ HL,DE 
ADDW 1234H 
ADDW_HL,1234H 
ADDW_ HL 
ADDW_ HL,HL 
OTDM 

ADCW BC 
ADCW_ HL,BC 
ADCW DE 


Mode 


| xX 


rae Ds 


Object Code 


ED 8D 
ED 8E 
ED 8E 
ED 8F 
ED 8F 
ED 92 
ED 93 
ED 94 
ED 94 
ED 95 
ED 95 
ED 96 


34 12 
34 12 


34 12 


34 12 
34 12 


34 12 
34 12 


34 12 
34 12 


34 12 
34 12 


Source Code 


HL,DE 
1234H 


HL,1234H 


1234H 


HL,1234H 


HL 
HL,HL 


1234H 


HL,BC 


™ 


USER'S MANUAL 


Mode 
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Object Code 


ED B6 34 12 


ED B6 34 


12 


Source Code 


DE 

HL,DE 
1234H 
HL,1234H 
HL 

HL,HL 


SR,HL 


~ 


Object Code 


ED CB 28 
ED CB 29 
ED CB 2A 
ED CB 2B 
ED CB 2C 
ED CB 2D 
ED CB 30 
ED CB 31 
ED CB 33 
ED CB 34 
ED CB 35 
ED CB 38 
ED CB 39 
ED CB 3A 
ED CB 3B 
ED CB 3C 
ED CB 3D 
ED CB 90 
ED CB 90 
ED CB 91 
ED CB 91 
ED CB 93 
ED CB 93 
ED CB 94 
ED CB 94 
ED CB 95 
ED CB 95 


ED CB 97 34 12 
ED CB 97 34 12 


ED CB 98 
ED CB 98 
ED CB 99 
ED °CB-99 
ED CB 9B 
ED CB 9B 
ED CB 9C 
ED CB 9C 
ED CB 9D 
ED CB 9D 
ED CB 9F 
ED CB 9F 
ED CB B8 
ED CB B8 
ED CB B9 
ED CB B9 
ED CB BB 
ED CB BB 


Source Code 


SRAW BC 
SRAW DE 


MULTW BC 
MULTW FL,BC 
MULTW DE 
MULTW HL,DE 
MULTW HL 
MULTW FL,HL 
MULTW EHL,IX 
MULTW Ix 
MULTW HL,IY 
MULTW IY 
MULTW 1234H 
MULTW HL, 1234H 
MULTUW 
MULTUW 
MULTUW 
MULTUW 
MULTUW 
MULTUW 
MULTUW 
MULTUW 
MULTUW 
MULTUW 
MULTUW 
MULTUW 
DIVUW BC 
DIVUW HL,BC 
DIVUW DE 
DIVUW HL,DE 
DIVUW HL 
DIVUW HL,HL 


USER'S MANUAL 


Mode 


keh, 


HL,1234H 


C-11 


® ZiLAS Usen's MANUAL 
Object Code Source Code Mode Object Code Source Code Mode 
ED CB BC DIVUW — EL,IX FA 34 12 die S,1234H | xX 
ED CB BC DIVUW IX FB El 

ED CB BD DIVUW _HL,IY FC 34 12 CALL S, M,1234H | xX 
ED CB BD DIVUW IY FiO] LD (BC), IY L 
ED CB BF DIVUW -1234H FD 02 LD BC,HL L 
ED CB BF DIVUW — HL,1234H FD 03 LD lY,(BC) L 
ED CC 12 CALR Z,12H X FD 07 LD IY,BC L 
ED CD 12 CALR 12H X FD 09 ADD __IY,BC X 
ED CF BTEST FD OB LD BC,IY L 
ED DO LDCTL A,DSR FD OC LD (BC),BC L 
ED D3 34 12 OUTA = (1234H),A | FD OD LD (DE),BC L 
ED D4 12 CALR NC,12H X FD OF LD (HL),BC L 
ED D6 34 12 SUB HL(1234H) | X FD 10 56 34 12 DJNZ 123456H xX 
ED D8 LDCTL DSR,A FD 114 LD (DE),lY L 
ED D9 EXALL FD 12 LD DE,HL L 
ED DA 01 LDCTL DSR,O1H FD 13 LD IY (DE) L 
ED DB 34 12 INA A,(1234H) | FO 7 LD IY,DE ee 
ED DC 12 CALR C,12H X FD 18 56 34 12 JR 123456H X 
ED EO LDIW FD 19 ADD _IY,DE X 
ED E2 INIW FD 1B LD DE,lY L 
ED E3 OUTIW FD 1C LD (BC),DE L 
ED E4 12 CALR PO,12H X FD 1D LD (DE),DE L 
ED E8 LDDW FD 1F LD (HL),DE L 
ED EA INDW FD 20 56 34 12 JR NZ,123456H X 
ED EB OUTDW FD 21 34 12 LD IY, 1234H | L 
ED EC 12 CALR PE,12H X FD 22 34 12 LD (1234H),lY | L 
ED FO LDIRW FD 23 INC IY x 
ED F2 INIRW FD.23 INCW IY x 
ED F3 OTIRW FD 24 INC IYU 

ED F4 i2 CALR P,12H X FD 25 DEC IYU 

ED F7 SETC LCK FD 27 LD IY, IX L 
ED F8 LDDRW FD 28 56 34 12 JR Z,123456H X 
ED FA INDRW FD 29 ADD _ W,IY X 
ED FB OTDRW FD 2A 34 12 LD IY,(1234H) | L 
ED FC 12 CALR M,12H X FD 2B DEC IY X 
ED FF RESC LCK FD 2B DECW IY X 

EE 12 XOR 12H FD 2C INC IYL 

EE 12 XOR A,12H FD 2D DEC JIL 

EF RST 28H X FD 2E 12 LD IYL,12H 

FO RET NS X FD 30 56 34 12 JR NC, 123456H X 

FO RET P X FD 31 LD (HL), IY L 
F1 POP AF FD 32 LD HL,HL L 
F2 34 12 JP NS,1234H | xX FD -33 LD IY,(HL) L 
F2 34 12 JP P,1234H | xX FD 34 12 INC (IY+12H) | 

F3 DI FD 35 12 DEC 3 (IY+12H) | 

F4 34 12 CALL NS P,1234H | xX FD 36 34 12 LD (IY+12H),34H | 

FS PUSH AF FD 36 12 LD IYU,12H 

F6 12 OR 12H FD 37 LD IY,HL Le 
F6 12 OR A,12H FD 38 56 34 12 JR C,123456H X 

F7 RST 30H X FD 39 ADD _ IY,SP X 

F8 RET M X FD 3B LD HL,IY L 
F8 RET S X FD 3C LD (BC),HL L 
F9 LD SP,HL FD 3D LD (DE),HL L 
FA 34 12 JP M,1234H | X FD 3E SWAP IY 


C-12 
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Object Code 


Source Code 


(HL),HL 
B,IYU 
BIYL 


B,(IY+12H). 


C.IYU 
CIYL 
C,(IY+12H) 
D,IYU 
D,IYL 
D,(IY+12H) 
EYU 
EYL 
E,(IY+12H) 
IYU,B 
IYU,C 
IYU,D 
IYU,E 
IYU,IYU 
IYU,IYL 
H,(IY+12H) 
IYU,A 
IYL,B 
IYL,C 
IYL,D 
IYL,E 
IYL,IYU 
IYL,IYL 
L,(IY+12H) 
IYL,A 
(IY+12H),B 
(IY+12H),C 
(IY+12H),D 
(IY+12H),E 
(IY+12H),H 
(IY+12H),L 
(IY+12H),A 
(C),1234H 
AYU 
AIYL 
A,(IY+12H) 
AYU 
AIYL 
A,(IY+12H) 
HL, IY 


HL,IY 


A,IYL 
A,(IY+12H) 
HL, IY 


Mode 


Object Code 


FD 97 
FD 9C 
FD 9D 
FD 9E 12 


FD A6 12 
FD A6 12 


FD AE 12 


FD B6 12 
FD B6 12 


FD BE 12 
FD BE 12 


FD C3 

FD C4 56 34 12 
FD C6 12 
FD C6 12 
FD CB 12 02 
FD CB 12 03 
FD CB 12 06 
FD CB 12 OA 
FD CB 12 OB 
FD CB 12 OE 
FD CB 12 12 
FD CB 12 13 
FD CB 12 16 


Source Code 


SUBW 
SBC 
SBC 
SBC 
SBCW 


IY 

A,IYU 
AIL 
A,(IY+12H) 
HL, IY 


A,(IY+12H) 


(IY+12H) 
A,(I¥Y+12H) 
HL,lY 


(IY+12H) 
A,(IY+12H) 
HL,IY 


(IY+12H) 
A,(IY+12H) 
HLIY 


NZ,123456H 
(IY+12H) 
HL, (IY +12H) 
(IY+12H) 
BC,(IY+12H) 
(IY+12H) 
(IY+12H) 
(IY+12H),BC 
(IY+12H) 
(IY+12H) 
DE, (IY +12H) 
(IY+12H) 


™ 


User's MANUAL 


Mode 
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Object Code 


CB 12 1A 
CB 12 1B 
CB 12 1E 
CB 12 21 
CB 12 22 
CB 12 23 
CB 12 26 
CB 12 29 
CB 12 2A 
CB 12 2B 
CB 12 2E 
CB 12 33 
CB 12 3A 
CB 12 3B 
CB 12 3E 
CB 12 46 
CB 12 4E 
CB 12 56 
CB 12 5E 
CB 12 66 
CB 12 6E 
CB 12 76 
CB 12 7E 
CB 12 86 
CB 12 8E 
CB 12 92 
CB 12 92 
CB 12 96 
CB 12 9A 
CB 12 9A 
CB 12 9E 
CB 12 A6 
CB 12 AE 
CB 12 B6 
CB 12 BA 
CB 12 BA 
CB 12 BE 
CB 12 C6 
CB 12 CE 
CB 12 D6 
CB 12 DE 
CB 12 E6 
CB 12 EE 
CB 12 F6 


D3 34 12 


12 
12 


Source Code 


(IY+12H) 
(IY+12H),DE 
(IY+12H) 
IY, (SP+12H) 
(IY+12H) 
IX,(IY+12H) 
(IY+12H) 
(SP+12H),lY 
(IY+12H) 
(IY+12H),IX 
(IY+12H) 
HL,(IY+12H) 
(IY+12H) 
(IY+12H),HL 


(IY+12H) 
HL,(IY+12H) 
2,(IY+12H) 
(IY+12H) 
HL,(IY+12H) 
3,(IY+12H) 
4,(IY+12H) 
5,(IY+12H) 
6,(IY+12H) 
(IY+12H) 
HL,(IY+12H) 
7,(IY+12H) 
0,(IY+12H) 
1,(IY+12H) 
2,(IY+12H) 
3,(IY+12H) 
4,(IY+12H) 
5,(IY+12H) 
6,(IY+12H) 
7,(IY+12H) 
Z,123456H 
123456H 
(IY+12H) 
HL,(IY+12H) 
A,YSR 
(1234H),HL 
NC,123456H 
(I¥Y+12H) 
HL,(IY+12H) 


X 


Object Code 


D8 
D9 


FE 12 
FE 12 


12 


12 


12 


12 


Source Code 


LDCTL 
EXXY 
LDCTL 
INAW 


YSR,A 


YSR,O1H 
HL, (1234H) 
C,123456H 
(IY+12H) 
HL, (IY+12H) 
lY 


(SP), IY 

PO, 123456H 
lY 

(I¥+12H) 
HL,(lY+12H) 
(TY) 
PE,123456H 
(I¥Y+12H) 
HL,(I¥Y+12H) 
P,123456H 
1234H 
(IY+12H) 
HL, (I1Y+12H) 
XM 

SP, IY 
M,123456H 
(I¥Y+12H) 
HL,(lY+12H) 
12H 

A,12H 

38H 
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This Appendix has two sets of tables. Each table is a 
subset of the Table in the Appendix B. The Table D-1 has 
the instructions which works differently in the Native and 
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INSTRUCTIONS AFFECTED BY NORMAL/ 
EXTENDED MODE, AND LONG WORD MODE 


Extended mode of operation, and the Table D-2 has the 
instructions which works differently in Word/Long Word 
mode of operation. 
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Table D-1. Instructions operating differently in 
Native or Extended mode of operation. 


Source Code Object Code Source Code Object Code 
ADD HL,BC 09 DECW DE 1B 
ADD  HL,DE 19 DECW HL 2B 
ADD HL,HL 29 DECW IX DD 2B 
ADD  HL,SP 39 DECW IY FD 2B 
ADD  IX,BC DD 09 DECW SP 3B 
ADD IX,DE DD 19 DJNZ 123456H FD 10 56 34 12 
ADD IX,IX DD 29 DJNZ 1234H DD 10 34 12 
ADD IX,SP DD 39 DJNZ 12H 10 12 
ADD _ IY,BC FD 09 INC BC 03 
ADD _iIY,DE FD 19 INC DE 13 
ADD W,IY FD 29 INC HL 23 
ADD _IY,SP FD 39 INC IX DD 23 
CALR 123456H FD CD 56 34 12 INC IY FD 23 
CALR 1234H DD CD 34 12 INC SP 33 
CALR 12H ED CD 12 INCW BC 03 
CALR C,123456H FD DC 56 34 12 INCW DE iG 
CALR C,1234H DD DC 34 12 INCW HL 23 
CALR C,12H ED DC 12 INCW IX DD 23 
CALR M,123456H FD FC INCW IY FD 23 
CALR M,1234H DD FC 34 12 INCW SP 33 
CALR M,12H ED FC 12 JP (HL) E9 
CALR NC,123456H FD D4 56 34 12 JP (IX) DD E9 
CALR NC,1234H DD D4 34 12 JP (IY) FD £9 
CALR NC,12H ED D4 12 JR 123456H FD 18 
CALR NZ,123456H FD C4 56 34 12 JR 1234H DD 18 34 12 
CALR NZ,1234H DD C4 34 12 JR 12H 18 12 
CALR NZ,12H ED C4 12 JR C,123456H FD 38 56 34 12 
CALR P,123456H FD F4 56 34 12 JR C,1234H DD 38 34 12 
CALR P,1234H DD F4 34 12 JR C,12H 38 8612 
CALR P,12H ED F4 12 JR NC,123456H FD 30 56 34 12 
CALR PE,123456H FD EC 56 34 12 JR NC, 1234H DD 30 34 12 
CALR PE,1234H DD EC 34 12 JR NZ,123456H FD 20 56 34 12 
CALR PE,12H ED EC 12 JR NZ,1234H DD 20 34 12 
CALR PO,123456H FD E4 56 34 12 JR NZ,12H 20 12 
CALR PO,1234H DD E4 34 12 JR Z,123456H FD 28 56 34 #412 
CALR PO,12H FD F4 12 JR Z,1234H DD 28 34 12 
CALR Z,123456H FD CC 56 34 12 JR Z,12H 28 12 
CALR Z,1234H DD CC 34 12 RET C D8 
CALR Z,12H ED CC 12 RET M F8 
CPD ED AQ RET NC DO 
CPDR ED B9 RET NS FO 
CPI ED At RET NV EO 
CPIR ED Bi RET NZ Co 
DEC BC OB RET P FO 
DEC DE 1B RET PE E8 
DEC HL 2B RET PO EO 
DEC Ix DD 2B RET § F8 
DEC IY FD 2B RET V E8 
DEC SP 3B RET Z C8 
DECW BC OB RET C9 
RETI ED 4D 
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Source Code Object Code 
RETN ED 45 
RST OOH C7 

RST  O8H CF 

RST 10H D7 

RST 18H DF 

RST 20H E7 

RST 28H Er 

RST 30H ae 

RST 38H FF 


Table D-2. Instructions operates different in Long 


Word Modes. 

Source Code Object Code Source Code Object Code 
EX (SP),HL E3 LD BC,DE DD 02 
EX (SP),IX DD es LD BC,HL FD 02 
EX (SP),lY PD: ES LD BC,IX DD OB 
EX BC,BC’ ED CB 30 LD BC, IY FD OB 
EX BC,DE ED 05 LD DE,(BC) DD 1C 
EX BC,HL ED’ “OD LD DE,(DE) DD 1D 
EX BC,IX ED 03 LD DE,(HL) DD 1F 
EX BC, IY ED OB LD DE,BC ED 12 
EX DE,DE’ ED CB 31 LD DE,DE DD 12 
EX DE,HL EB LD DE,HL FD 12 
EX DE, |X ED 13 LD DE,IX DD 1B 
EX DE,|IY ED 1B LD DE, IY FD 1B 
EX MEAL! ED CB 33 LD HL,(BC) DD 3C 
EX HL,IX ED 33 LD HL,(DE) DD 3D 
EX HL,lY ED 3B LD HL,(HL) DD 3F 
EX IX, 1X’ ED CB 34 LD HL,BC ED 32 
EX IX,IY ED 2B LD HL,DE DD 32 
EX IY,1Y’ ED CB 35 LD HL,HL FD 32 
EXTS A ED 65 LD HL,| DD 57 
EXTS ED 65 LD HL,IX DD 3B 
LD (BC),BC FD OC LD HL,IY FD 3B 
LD (BC),DE FD 1C LD LHL DD 47 
LD (BC),HL FD 3C LD IX,(BC) DD 03 
LD (BC), IX DD 01 LD IX,(DE) DD 13 
LD (BC), IY FD 01 LD IX,(HL) DD 33 
LD (DE),BC FD OD LD IX,BC DD 07 
LD (DE),DE FD 1D LD IX,DE DD 17 
LD (DE),HL FD 3D LD IX,HL DD 37 
LD (DE),IX DD 11 LD IX,IY DD 27 
LD (DE), lY FD 11 LD lY (BC) FD 03 
LD (HL),BC FD OF LD IY (DE) FD 13 
LD (HL),DE FD: “lF LD IY, (HL) FD 33 
LD (HL),HL FD 3F LD lY,BC FD 07 
LD (HL),IX DD 31 LD IY,DE FD 17 
LD (HL), IY FD 31 LD IY HL FD 37 
LD BC,(BC) DD OC LD IY IX FD 27 
LD BC,(DE) DD OD LD SP,HL F9 

LD BC,(HL) DD OF LD SP, IX DD F9 
LD BC,BC ED 02 LD SP, IY FD F9 
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Source Code Object Code 
LDCTL HL,SR ED CO 
LDCTL SR,HL ED C8 
LDDRW ED F8 
LDDW ED E8 
LDIRW ED FO 
LDIW ED EO 
LDW #+LAI DD 57 
LDW ss 1,HL DD 47 
POP AF F1 

POP BC C1 

POP DE D1 

POP HL E1 

POP IX DD Et 
POP IY FD ET 
POP SR ED Cl 
PUSH AF F5 
PUSH BC C5 
PUSH DE D5 
PUSH HL E5 
PUSH IX DD E5 
PUSH IY FO: . ES 
PUSH SR ED C5 
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INSTRUCTIONS AFFECTED BY 
DDIR IM INSTRUCTIONS 


Table E-2. Valid with DDIR IB. XM bit status does not 
affect the operation. Transfer size determined by LW 


This Appendix has instructions which can be used with the 
Decoder Directive(s) Extend Immediate. There are eight 


tables (E1-E8) which are the subset of the Table A, sorted 
by the category of the instruction. 


LD (123456H),BC ED 43 56 34 12 
Note that the instructions listed here does not have the LD = (123456H),DE ED 53 56 34 12 
DDIR Decoder Directive in front of the instructions listed LD  (123456H),HL 22 S56 34 12 
below, and notation used here may be different by the LD (123456H),HL ED 63 56 34 12 
Pech Neel aerator LD  (123456H),IX DD 22 56 34 12 
LD (123456H),lY FD 22 56 34 12 
Table E-1. Valid with DDIR IB in Extended mode.LW LO = (123456H),SP_ ED 73 56 34 12 
bit status does not affect the operation LD = (IX+1234H),BC DD CB 34 12 OB 
LD (IX+1234H),DE DD CB 34 12 1B 
ADD HL,(123456H) ED C6 56 34 12 LD (IX+1234H),HL DD CB 34 12 3B 
ADD — SP,123456H ED 82 56 34 12 LD (IX+1234H), IY DD CB 34 12 2B 
CALL 123456H CD 56 34 12 LD (IY+1234H),BC FD CB 34 12 OB 
CALL C,123456H DC 56 34 12 LD (I¥+1234H),E FD 73 34 12 
CALL M,123456H FC 56 34 12 LD (I¥Y+12384H),HL FD CB 34 12 3B 
CALL NC,123456H D4 56 34 12 LD (I¥Y+1234H), IX FD CB 34 12 2B 
CALL NZ,123456H C4 56 34 12 LD (SP+1234H),BC DD CB 34 12 09 
CALL P,123456H F4 56 34 12 LD (SP+1234H),DE DD CB 34 12 19 
CALL PE,123456H EC 56 34 12 LD (SP+1234H),HL DD CB 34 12 39 
CALL PO,123456H E4 56 34 12 LD (SP+1234H),IX DD CB 34 12 29 
CALL 2Z,123456H CC 56 34 12 LD (SP+1234H), IY FD CB 34 12 29 
JP 123456H C3 56 34 12 LD BC,(123456H) ED 4B 56 34 12 
JP C,123456H DA S56 34 12 LD BC,(IX+1234H) DD CB 34 12 08 
JP M,123456H FA 56 34 12 LD BC,(IY+1234H) FD CB 34 12 08 
JP NC, 123456H D2 56 34 12 LD BC,(SP+1234H) DD CB 34 12 O1 
JP NS, 123456H F2 56 34 12 LD DE,(123456H) ED 5B 56 34 12 
JP NV, 123456H E2 56 34 12 LD DE,(IX+1234H) DD CB 34 12 18 
JP NZ,123456H C2 56 34 12 LD DE,(IY+1234H) FD CB 34 12 18 
JP P,123456H F2 56 34 12 LD DE,(SP+1234H) DD CB 34 12 #11 
JP PE, 123456H EA 56 34 12 LD HL,(123456H) 2A 56 34 12 
JP PO, 123456H E2 56 34 12 LD HL,(123456H) ED 6B 56 34 12 
JP S,123456H FA 56 34 12 LD HL,(IX+1234H) DD CB 34 12 33 
JP V,123456H EA 56 34 12 LD HL,(IY+1234H) FD CB 34 12 33 
- JP Z,123456H CA 56 34 12 LD HL,(SP+1234H) DD CB 34 12 31 
SUB HL,(128456H) ED D6 56 34 12 LD IX,(123456H) DD 2A 56 34 12 
SUB = SP,123456H ED 92 56 34 12 LD IX(IY+1234H) FD CB 34 12 23 
LD  IX(SP+1234H) DD CB 34 12 21 
LD lY,(123456H) FD 2A 56 34 12 
ID _—*1Y,(IX+#1234H) DD CB 34 12 23 
LD —‘+1Y,(SP+1234H) FD CB 34 12 24 
LD SP,(123456H) ED 7B 56 34 12 
LDW (BC),123456H ED 06 56 34 12 
LDW (DE),123456H ED 16 56 34 12 
LDW (HL),123456H ED 36 56 34 12 


bit. (Either with DDIR 1B, DDIR 1IB,LW or DDIR IB,W) 
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Table E-3. Valid with DDIR IB in Long Word mode. 
XM bit status does not affect the operation. (Either 
with DDIR IB,LW or DDIR IB with LW bit set.) 


BC, 123456H 
DE, 123456H 
HL,123456H 
IX, 123456H 
IY, 123456H 
SP, 123456H 
123456H 


12 
12 


12 


Table E-4. Valid with DDIR IB. XM bit nor LW bit 
status do not affect the operation 


A,(IX+1234H) 
A,(IY+1234H) 
(IX4+1234H) 
(IY+1234H) 


HL, (IX+1234H) 
HL, (IY+1234H) 


A,(IX+1234H) 
A,(IY+1234H) 
(IX+1234H) 
(IY+1234H) 


HL, (IX+1234H) 
HL,(IY+1234H) 


(IX4+1234H) 
(IY+1234H) 
A,(IX+1234H) 
A,(IY+1234H) 
(IX4+1234H) 
(IY+1234H) 
HL, (IX+1234H) 
HL, (1Y+1234H) 
0,(IX+1234H) 
0,(IY+1234H) 
1,(IX+1234H) 
1,(IY+1234H) 
2, (IX+1234H) 
2,(IY+1234H) 
3,(IX+1234H) 
3,(IY+1234H) 
4,(IX+1234H) 
4,(IY+1234H) 
5,(IX+1234H) 
5,(IY+1234H) 
6,(IX+1234H) 
6,(IY+1234H) 
7,(IX+1234H) 
7,(IY+1234H) 
(IX+1234H) 
(IY+1234H) 
A,(IX+1234H) 
A,(IY+1234H) 


DD 
FD 


CPW (IX+1234H) 
CPW (IY+1234H) 
CPW -HL,(IX+1234H) 
CPW HL,(IY+1234H) 
DEC —(IX+1234H) 
DEC —(IY+1234H) 
DIVUW (IX+1234H) 
DIVUW (IY+1234H) 
DIVUW -HL,(IX+1234H) 
DIVUW HL,(IY+1234H) 
INA A,(123456H) 
INAW — -HL,(123456H) 
INC (IX+1234H) 
INC (IY +1234H) 
LD (123456H),A 
LD (IX+1234H),56H 
LD (IX+1234H),A 
LD (IX+1234H),B 
LD (IX+1234H),C 
LD (IX+1234H),D 
LD (IX+1234H),E 
LD (IX+1234H),H 
LD (IX+1234H),L 
LD (IY+1234H),56H 
LD (IY+1234H),A 
LD (IY+1234H),B 
LD (IY+1234H),C 
LD (IY+1234H),D 
LD (IY+1234H),DE 
LD (IY+1234H),H 
LD (IY+1234H),L 
LD A,(1234H) 
LD A,(IX+1234H) 
LD A,(IY+1234H) 
LD B,(IX+1234H) 
LD B,(IY+1234H) 
LD C,(IX+1234H) 
LD C,(IY+1234H) 
LD D,(IX+1234H) 
LD D,(IY+1234H) 
LD E,(IX+1234H) 
LD E,(IY+1234H) 
LD H,(IX+1234H) 
LD H,(IY+1234H) 
LD L,(IX+1234H) 
LD L,(IY+1234H) 
MULTUW (IX+1234H) 
MULTUW (IY+1234H) 
MULTUW HL,(IX+1234H) 
MULTUW HL,(IY+1234H) 
MULTW (IX+1234H) 
MULTW (IY+1234H) 
MULTW HL,(IX+1234H) 
MULTW HL,(IY+1234H) 
OR (IX4+.1234H) 


238 
USER'S MANUAL 


06 


56 


1B 


E-2 


; 7380 

nN) 2jldis USER'S MANUAL 
SET 5,(IX+1234H) DD CB 34 12 EE 

a NB ona ee oe SET 5(I¥+1234H) FD CB 34 12 EE 

ee ee ae SET 6,(IX+1234H) DD CB 34 12 F6 

BEd. ee oe ee SET 6(IY+1234H) FD CB 34 12 F6 

a ee. ee SET 7,(IX+1234H) DD CB 34 12 FE 

ORW -HL,(IX+1234H) DD F6 34 12 SET ee as ee oe le EE 

ORW  HLAIY+1234H) FD F6 34 12 et ace et ee =H _ 

OUTA (123456H),A ED D3 66 34 120 Se) OD CB Oad 2 

OUTAW (123456H)HL FD D3 66 34 12 Say rangi) «ED. CB oat 2 

RES —O(IX+1234H) DD CB 34 12 86 SOM aes ee ce ee 

RES O(IV+1284H) FD CB 34 12 86 SMA Hee os ee 

RES «-1,(IX+1234H) DD CB 34 12 8E ee, en ae 

RES  1(IY+1234H) FD CB 34 12 g& SRAW — (IX+1234H) 

RES  2,(IX+1234H) DD CB 34 12 96 Be nereor ie oe ae ee 

RES _2(IV+1284H) FD CB 34 12 96 Shr ieee ee ee 

RES  3(IX+1234H) DD CB 34 12 OF 

RES ogivrizadH) FD «CB 34 12 «of © SRLW—(X+1234H) = «dD «CB O34 12 BA 

RES  -4,(IX+1234H) DD CB 34 12 AB oRLW eect id — en 

RES  4(IY+1234H) FD CB 34 12 AG a A ea rer in he i 4 i: 

RES 5 (IX+1234H) DD CB 34 12 AE ! 

RES 5 (IV+1234H) FD CB 34 72 AE SVBW  RL\IM+I234h) DD D6 34 12 

RES 6,(IX+1284H) DD cB 34 12 Be S¥BW  FIL(Y+120ér) FD DG 34 12 

RES _—-6,(IY+1234H) FD CB 34 12 Be *OR Uneoa oe ee ee de 

RES —-7,(IX+1234H) DD CB 34 12 BE OR ee, ee ae Mee 

RES 7,(IY+1234H) FD CB 34 12 BE OR OO: wee ees ee oe 

H) FD AE 34 12 

RL (IX+1234H) DD CB 34 12 16 *OR Ae ot eee oe 

RL (\Y41234H) FD CB 34 12 16 *ORW  (IX+1234H) : 

REC (IX#1284H) DD cB 34 12 o6  *QRW (l¥ei2o4h) = =FD EE 634 12 

RLC | (YatzadH) «—O#ED.SCCB 8a 12g. | XORW HL (X+1234H) DD EE 34 12 

RLCW (XctzaH) «=«O«DD:s«GBsd dae) XORW HL (Y+1234H) FD EE 34 12 

RLCW (lY+#1234H) FD CB 34 12 02 

RLW = (IX+1234H) =9=DD CB 34 12 ~=«12 

RLW(IY+1234H) =-FD CB 34 «#12~=«+12 

RR (IX+1234H) DD CB 34 12 1E 

RR (\Y+1234H) FD CB 34 12 1E 

RRC (IX+1234H) DD CB 34 12 OF 

RRC (IY+1234H) =FD CB 34 12 OE 

RRCW (IX+1234H) DD CB 34 12 OA 

RRCW (IY+1234H) FD CB 34 12 OA 

RRW (X#1234H) +=9DD CB 34 12 «1A 

RRW (lY+#1234H) «89 FD. «OCB «O34.s12s 1A 

SBC  A(IX+1234H) DD 9E 34° 12 

SBC A(IY+1234H) FD 9E 34. 12 

SBCW (IX+1234H) DD DE 34 12 

SBCW (lY+1234H) FD DE 34 12 

SET 0,(IX+1234H) DD CB 34 12 C6 

SET _0,(IY+1234H) FD CB 34 12 C6 

SET 1,(IX#1234H) DD CB 34 12 CE 

SET 1(IY+1234H) FD CB 34 12 CE 

SET _2,(IX+1234H) DD CB 34 12 D6 

SET  2(IY+1234H) FD CB 34 12 D6 

SET 3,(IX+1234H) DD CB 34 12 ODE 

SET 3,(IY+1234H) FD CB 34 12 ODE 

SET _4,(IX+1234H) DD CB 34 12 €E6 

SET 4,(IY+1234H) FD CB 34 12 €E6 
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Table E-5. Valid with DDIR IW in Exteded mode. LW 
bit status does not affect the operation 


Table E-6. Valid with DDIR IW. XM bit status does 
not affect the operation. Transfer size 
determined by LW bit 


ADD HL,(12345678H) ED C6 78 56 34 12 
ADD SP,12345678H ED 82 78 56 34 12 LD  (12345678H)BC ED 43 78 56 34 12 
CALL 12345678H CD 78 56 34 12 LD  (12345678H),DE ED 53 78 56 34 12 
CALL C,12345678H DC 78 56 34 12 LD  (12345678H),HL 22 78 56 34 12 
CALL M,12345678H FC 78 56 34 12 LD  (12345678H),HL ED 63 78 56 34 12 
CALL NC,12345678H D4 78 56 34 12 LD (12345678H), IX DD 22 78 56 34 12 
CALL NZ,12345678H C4 78 56 34 12 LD  (12345678H),lY FD 22 78 56 34 12 
CALL P,12345678H F4 78 56 34 12 LD  (12345678H),SP ED 73 78 56 34 12 
CALL PE,12345678H EC 78 56 34 12 LD  (IX+123456H),BC DD CB 56 34 12 OB 
CALL PO,12345678H £4 78 56 34 12 LD  (IX+123456H),DE DD CB 56 34 12 1B 
CALL Z,12345678H CC 78 56 34 12 LD (IX+123456H),HL DD CB 56 34 12 3B 
JP 12345678H C3 78 56 34 12 LD  (IX+123456H),IY DD CB 56 34 12 2B 
JP: C,12345678H DA 78 56 34 12 LD  (IY+123456H),BC FD CB 56 34 12 OB 
JP -_M,12345678H FA 78 56 34 12 LD (IY+123456H),E FD 73 56 34 12 
JP -NC,12345678H D2 78 56 34 12 LD (IY+123456H),HL FD CB 56 34 12 3B 
JP -NS,12345678H = F2~s«78:«56 «(34 12 LD = (IY+123456H),IX FD CB 56 34 12 2B 
JP -NV,12345678H = E2._—«é«78«:«4SGBO384 «12 LD (SP+123456H),BC DD CB 56 34 12 09 
JP -NZ,12345678H C2 78 56 34 12 LD  (SP+123456H),DE DD CB 56 34 12 19 
JP —- P,12345678H F2 78 56 34 12 LD (SP+123456H),HL DD CB 56 34 12 39 
JP PE,12345678H = EA’ 78 56 34 12 LD  (SP+123456H),IX DD CB 56 34 12 29 
JP PO,12345678H =««E2.—«s«78:«56 34 12 LD  (SP+123456H),IY FD CB 56 34 12 29 
JP §,12345678H FA 78 56 34 12 LD  8C12345678H) ED 4B 78 56 34 12 
JP —-V,12345678H FA 78 56 34 12 LD BCIX+123456H) DD CB 34 12 03 
JP —-Z,12345678H CA 78 56 34 12 LD BC (IY+123456H) FD CB 34 12 03 
SUB HL,(12345678H) ED D6 78 56 34 12 LD  BC\(SP+123456H) DD CB 34 12 01 
SUB SP,12345678H ED 92 78 56 34 12 LD  ODE(12345678H) ED 5B 78 56 34 12 
LD DE, (IX+123456H) DD CB 56 34 12 13 
LD  DE,(IY+123456H) FD CB 56 34 12 13 
LD  DE(SP+123456H) DD CB 56 34 12 11 
LD HL(12345678H) 2A 78 56 34 12 
LD  HL,(12345678H) ED 6B 78 56 34 12 
LD  HL,(IX+123456H) DD CB 56 34 12 33 
LD  HL,(IY+123456H) FD CB 56 34 12 33 
LD  HL(SP+123456H) DD CB 56 34 12 31 
LD —_‘1X,(12345678H) DD 2A 78 56 34 12 
LD IX(IY+123456H) FD CB 56 34 12 23 
LD IX,(SP+123456H) DD CB 56 34 12 21 
LD _‘1Y,(12345678H) FD 2A 78 56 34 12 
LD ‘IY, (IX+123456H) DD CB 56 34 12 23 
LD 1Y,(SP+123456H) FD CB 56 34 12 21 
LD  SP(12345678H) ED 7B 78 56 34 12 
LDW (BC),12345678H ED 06 78 56 34 12 
LDW (DE),12345678H ED 16 78 56 34 12 
LDW (HL),12345678H ED 36 78 56 34 12 
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Table E-7. Valid with DDIR IW in Long Word mode. 
XM bit status does not affect the operation. (Either 
with DDIR IW,LW or DDIR IW with LW bit set.) 


LD = BC,12345678H O01 78 56 34 12 
LD DE,12345678H 11. 78 56 34 12 
LD ~=HIL,12345678H 21 78 56 34 12 
LD ~=—« IX, 12345678H DD 21 78 56 34 12 
LD «LY, 12345678H FD 21 78 56 34 12 
LD = SP,12345678H 31 78 56 34 12 


PUSH 12345678H 


Table E-8. Valid with DDIR IW. XM bit nor LW bit 


status do not affect the operation 


ADC A(IX+123456H) DD 8E 56 34 12 
ADC A,IY+123456H) FD 8E 56 34 12 
ADCW_ (IX+123456H) DD CE 56 34 12 
ADCW  (IY+123456H) FD CE 56 34 12 
ADCW HL,(IX+123456H) DD CE 56 34 12 
ADCW HL,(IY+123456H) FD CE 56 34 12 
ADD A(IX+123456H) DD 86 56 34 12 
ADD A,(IY+123456H) FD 86 56 34 12 
ADDW. (IX+123456H) DD C6 56 34 12 
ADDW_ (IY+123456H) FD C6 56 34 12 
ADDW HL,(IX+123456H) DD C6 56 34 12 
ADDW HL,(lY+123456H) FD C6 56 34 12 
AND  (IX+123456H) DD AG 56 34 12 
AND  (IY+123456H) FD A6 56 34 12 
AND A(IX+123456H) DD A6 56 34 12 
AND A(IlY+123456H) FD A6 56 34 12 
ANDW_ (IX+123456H) DD E6 56 34 12 
ANDW_ (IY+123456H) FD £6 56 34 12 
ANDW HL,(IX+123456H) DD E6 56 34 12 
ANDW HL,(IY+123456H) FD E6 56 34 12 
BIT —0,(IX+123456H) DD CB 56 34 12 46 
BIT  0,(IY+123456H) FD CB 56 34 12 46 
BIT —1,(IX+123456H) DD CB 56 34 12 4E 
BIT  1,(IY+123456H) FD CB 56 34 12 4E 
BIT  2,(IX+123456H) DD CB 56 34 12 56 
BIT  2(IY+123456H) FD CB 56 34 12 56 
BIT  3,(IX+123456H) DD CB 56 34 12 5E 
BIT  3,(IY+123456H) FD CB 56 34 12 5E 
BIT  4,(IX+123456H) DD CB 56 34 12 66 
BIT  4(IY+123456H) FD CB 56 34 12 66 
BIT  5,(IX+123456H) DD CB 56 34 12 GE 
BIT  5,(IY+123456H) FD CB 56 34 12 GE 
BIT  6,(IX+123456H) DD CB 56 34 12 76 
BIT 6,(IY+123456H) FD CB 56 34 12 76 
BIT _—7,(IX+123456H) DD CB 56 34 12 7E 
BIT —7,(IY+123456H) FD CB 56 34 12 7E 
CP (IX+123456H) DD BE 56 34 12 
CP (IY+123456H) FD BE 56 34 12 
CP  A(IX+123456H) DD BE 56 34 12 
CP = A(IY+123456H) FD BE 56 34 12 
CPW (IX+123456H) DD FE 56 34 12 
CPW (IY+123456H) FD FE 56 34 12 


HL, (IX+123456H) 
HL, (IY+123456H) 
(IX+123456H) 
(IY+123456H) 
(IX+123456H) 
(IY +123456H) 
HL, (IX+123456H) 
HL,(IY+123456H) 
A,(123456H) 
HL,(123456H) 
(IX+123456H) 
(IY+123456H) 
(12345678H),A 


(IX+123456H),56H 


(IX+123456H),A 
(IX+123456H),B 
(IX+123456H),C 
(IX+123456H),D 
(IX+123456H),E 
(IX+123456H),H 
(IX+123456H),L 


(IY+123456H),78H 


(1Y+123456H),A 
(IY+123456H),B 
(IY+123456H),C 
(IY+123456H),D 
(IY+123456H),DE 
(IY+123456H),H 
(IY+123456H),L 
A,(12345678H) 
A,(IX+123456H) 
A,(IY+123456H) 
B, (IX+123456H) 
B,(IY+123456H) 
C,(IX+123456H) 
C,(IY+123456H) 
D,(IX+123456H) 
D,(IY+123456H) 
E,(IX+123456H) 
E,(IY+123456H) 
H,(IX+123456H) 
H,(IY+123456H) 
L,(IX+123456H) 
L,(IY+123456H) 


MULTUW (IX+123456h) 
MULTUW (IY+123456H) 
MULTUW HL,(IX+123456H) 
MULTUW HL,(IY+123456H) 


MULTW 
MULTW 
MULTW 


(IX+123456H) 
(I1Y+123456H) 
HL, (IX+123456H) 
HL, (lY+123456H) 
(IX+123456H) 
(IY+123456H) 
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FE 56 34 
FE 56 34 
35 56 34 
35 56 34 
CB 56 34 
CB 56 34 
CB 56 34 
CB 56 34 
DB56 34 
DB 56 34 
56 34 12 
56 34 12 
78 56 34 
36 56 34 
77 56 34 
70 56 34 
71 56 34 
72 56 34 
73 56 34 
74 56 34 
75 56 34 
36 56 34 
77 56 34 
70 56 34 
71 56 34 
72 56 34 
CB 56 34 
74 56 34 
75 56 34 
78 56 34 
7E 56 34 
7E 56 34 
46 56 34 
46 56 34 
4E 56 34 
4E 56 34 
56 56 34 
56 56 34 
SE 56 34 
5E 56 34 
66 56 34 
66 56 34 
6E 56 34 
6E 56 34 
CB56 34 
CB56 34 
CB56 34 
CB56 34 
CB 56 34 
CB56 34 
CB 56 34 
CB 56 34 
B6 56 34 
B6 56 34 
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OR A,(IX+123456H) DD B6 56 34 12 SET 4,(IY+123456H) FD CB56 34 12 E6 
OR A,(IY+123456H) FD B6 56 34 12 SET 5,(IX+123456H) DD CB56 34 12 EE 
ORW (IX+123456H) DD F6 56 34 12 SET 5,(IY+123456H) FD CB56 34 12 EE 
ORW (IY+123456H) FD F6 56 34 12 SET 6,(IX+123456H) DD CB56 34 12 F6 
ORW HL,(IX+123456H) DD F6 56 34 12 SET 6,(IY+123456H) FD CB56 34 12 F6 
ORW HL,(IY+123456H) FD F6 56 34 12 SET 7,(IX+123456H) DD CB56 34 12 FE 
OUTA (12345678H),A ED D378 56 34 12 SET 7,(IV+123456H) FD CB56 34 12 FE 
OUTAW (12345678H),HL FD D378 56 34 12 SLA (IX+123456H) DD CB56 34 12 26 
RES 0,(IX+123456H) DD CB56 34 12 86 SLA (IY+123456H) FD CB56 34 12 26 
RES 0,(IY+123456H) FD CB56 34 12 86 SLAW (IX+123456H) DD CB56 34 12 22 
RES 1,(IX+123456H) DD CB56 34 12 8E SLAW (IY+123456H) FD CB56 34 12 22 
RES 1,(IY+123456H) FD CB56 34 12 8E SRA (IX+123456H) DD CB56 34 12 2E 
RES 2,(IX+123456H) DD CB56 34 12 96 SRA (IY+123456H) FD CB56 34 12 2E 
RES 2,(IY+123456H) FD CB56 34 12 96 SRAW (IX+123456H) DD CB56 34 12 2A 
RES 3,(IX+123456H) DD CB56 34 12 9E SRAW (IY+123456H) FD CB56 34 12 2A 
RES 3,(IY+123456H) FD CB56 34 12 9E SRL (IX+123456H) DD CB56 34 12 3E 
RES 4,(IX+123456H) DD CB56 34 12 A6 SRL (IY+123456H) FD CB56 34 12 3E 
RES 4,(IY+123456H) FD CB56 34 12 A6 SRLW (IX+123456H) DD CB56 34 12 3A 
RES 5,(IX+123456H) DD CB56 34 12 AE SRLW (IY+123456H) FD CB56 34 12 3A 
RES 5,(IY+123456H) FD CB56 34 12 AE SUB A,(IX+123456H) DD 96 56 34 12 
RES 6,(IX+123456H) DD CB56 34 12 B6 SUB A,(IY+123456H) FD 96 56 34 12 
RES 6,(IY+123456H) FD CB56 34 12 B6 SUBW  HL,(IX+123456H) DD D656 34 12 
RES 7,(IX+123456H) DD CB56 34 12 BE SUBW HL,(IY+123456H) FD D656 34 12 
RES 7,(IN+123456H) FD CB56 34 12 BE XOR (IX+123456H) DD AE 56 34 12 
RL (IX+123456H) DD CB56 34 12 16 XOR (I¥+123456H) FD AE 56 34 12 
RL (IY+123456H) FD CB56 34 12 16 XOR A,(IX+123456H) DD AE 56 34 12 
RLC (IX+123456H) DD CB56 34 12 06 XOR A,(IY+123456H) FD AE 56 34 12 
RLC (IY+123456H) FD CB56 34 12 06 XORW  (IX+123456H) DD EE 56 34 12 
RLCW  (IX+123456H) DD CB56 34 12 02 XORW (IY+123456H) FD EE 56 34 12 
RLCW  (IY+123456H) FD CB56 34 12 02 XORW ~ HL,(IX+123456H) DD EE 56 34 12 
RLW (IX+123456H) DD CB56 34 12 12 XORW ~ HL,(IY+123456H) FD EE 56 34 12 
RLW (IY+123456H) FD CB56 34 12 12 
RR (IX+123456H) DD CB56 34 12 1E 
RR (IY+123456H) FD CB56 34 12 1E 
RRC (IX+123456H) DD CB56 34 12 OE 
RRC (IY+123456H) FD CB56 34 12 OE 
RRCW  (IX+123456H) DD CB56 34 12 OA 
RRCW  (IY+123456H) FD CB56 34 12 0A 
RRW (IX+123456H) DD CB56 34 12 1A 
RRW (IY+123456H) FD CB56 34 12 1A 
SBC A,(IX+123456H) DD 9E 56 34 12 
SBC A,(IY+123456H) FD 9E 56 34 12 
SBCW _ (IX+123456H) DD DE56 34 12 
SBCW (IY+123456H) FD DE56 34 12 
SET 0,(IX+123456H) DD CB56 34 12 C6 
SET 0,(IY+123456H) FD CB56 34 12 C6 
SET 1,(IX+123456H) DD CB56 34 12 CE 
SET 1,(IY+123456H) FD CB56 34 12 CE 
SET 2,(IX+123456H) DD CB56 34 12 D6 
SET 2,(IY+123456H) FD CB56 34 12 D6 
SET 3,(IX+123456H) DD CB56 34 12 DE 
SET 3,(IY+123456H) FD CB56 34 12 DE 
SET 4,(IX+123456H) DD CB56 34 12 E6 
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Symbols 
PINTS HINT © ects cornrel nk oars atten tomeauameestud 6-1 
TNIV Seosiaeintsncnc es SodaayaeSsulscomeiasvelpeanivves ts esisavnaoruseneunions 6-1 
PES EA: Wh cu wececaie rise Mince cteselrubiuelduletsnatal suds eaeaimehmdayiolaiet 1-5 
8-Bit Load/Exchange Group ..........cccscsessseseeseeseeeeeeees 5-6 
8080 compatible (Mode O) ............ccesessssscccceeeceeseeees 1-5 
A 
ADC Add with Carry (Word) .......cccccceceseeeeeeeees 5-21 
PAG BY CS) en cits siticenlse uss sasean widened Rasa ed avtaaucaaiadiieaien Qa) 5-23 
POG VVONG ascetic cassn erica: bisa ioncnub sete auilicautebaltae 5-24 
Add to Stack Pointer (WOrd)............cccccesseeeeeeeceeeeeeees 5-25 
AGG/SUDUECUTIAO ea timivcce lok ane iris eciticeteatesitecrestecls 5-2 
AddreSS Manipulation 0.0... ccccecessssseseseseeeseseeeees 3-1 
FO OKSSS SO ACC acco csisctelaxadertotanleursse ouenauaeahncstestuanits 1-1 
POE SS IAC INO GCs ese srt dvs teanesiart emabancs ies on ines A-1 
Addressing mode eSCape DY te ..........cceeeeeeceeeeeeeeeees A-1 
Addressing mode escape bytes, addresses .......... A-2 
Addressing WOdeS niceties nactalten: 1-4,4-1 
AP or AP Register SClOCE sciiiitks covepuscossineaiver easiness 5-5 
AND (BY 10) x iszincieteh cites tndadt 22 araioers os eaieeretenrcuaereeaeee 5-27 
PND AVWVOUG) ociirnesi toni Daniaasateestetieenehaenaaheers terdatectaewenes 5-28 
Arithmetic-and Logical Grow srss:2. Sno ese cocte cas 5-9 
ALITMIMOCUG OD SLU OM eters vi cersiucencs Qecerredaeded. waserees 5-10 
Assembly language format ............:cceccceseeceeeeeeeeeeeeees 4-1 
Assigned Vector Base Register ................. 5-15,6-3,6-6 
Assigned Vectors BaSe@ ..........ccccccsseeseseceseueeesesesesesens 6-4 
B 
Banik: HESU ii cates taesnatacasan elu crane neon anantueetes 5-30 
Bank TeSt INStrUCTIONS ...........cccceeessseceeeeeeeeeeeseeeeeeees 5-16 
BC/DE/HL or BC’/DE’/HL’ Register Select................ 5-4 
Binary-coded decimal .............:::cceceeceeeeeeeeeeeeeees 4-10,5-1 
ET SSE asec tera ees aa enade aeaceteueenenuapaceeavenecula tid’ 5-29 
1] (616), | (© leenresee nee eer nt oe tain a ner nn hear oe PnP 2 5-5 
BIOCIINOVG <iaiiacostinuthtcantais nec hemi voncevaineracemnetenes 5-5 


Block move, block search, and block I/O instruction 6-1 


BOCK: SOALC MN sist tus seu ceecua ats aremmeaietai Sascensataaencanat 5-2, 5-5 
Block Transfer and Search Group..............0008 5-1,5-8 
BIOCK WAN SOM aiericss a dsmconnsnneitavcacccpsserenineenuaaes 5-2, 5-8 
BUS DANOWIGUM. a iccAsratcinncarnctee sues veas iuncaasavenvgneataneann 1-5 
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Call: ANd RESTA wierecveessancins i sersenanereeveoeersercuiaverwe 5-12 
Call REAUIVE = tines iiiccividecichanancinereacaasingerdeauns 5-1, 5-12 
Call RelatIVG aaicnnnsneviseccsuennceearn mous eteneees 5-32 
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Disable Interrupt INStrUCTION ...........ccccccceesseeeeeseeeseeees 6-1 
Disable: Interrupts cn aaceminescushccnionaieaen 5-46 
DISDIACOMBNE svscsnaeceeninetavserrsasse weds sseapaneevers oeanden natant 4-6 
Divide Unsigned (Word) .........cccccccccccecccceeeeeseeeeesseeens 5-47 

E 

PriaD ie IMiShtulplcivrimcuiewscasieeSisesoesrdvescivawess 5-49, 6-1 
Enhanced vectored interrupt mode (Mode 3).......... 1-5 
ESCADC COGS *icicnw tu iawecsonaes cassiita ereliciatasatemnesntaataes A-1 
Exainile: OF IM MOG 6 cskvcesvindins wearieccineteeveieeeneteeetieekes 4-2 
EXAMPlO ORF MOG weiissiietissnevarandadel soe ctibectvanses sh ovecreads 4-1 
Example of RA MOde ........cccecccecceeseesseeeeeseeesesseeeeeeeees 4-6 
EXAMpIG Of SR MOGC wv vicieriadewatetemnmitaed aw. 4-8 
EXCEDOn CONCINONS sxscupendancaciarsesncistocdieu esis 1-4 


Exchange Accumulator/Flag with Alternate Bank .... 5-50 
Exchange Addressing Register with Top of Stack ... 5-51 


Exchange All Registers with Alternate Bank ............ 5-56 
Exchange INStruction ...........cccccccccceceseeenssseeeesenees 2-3,5-6 
Exchange IX Register with Alternate Bank ............... 5-60 
Exchange IY Register with Alternate Bank ............... 5-61 
Exchange Register (Word) .........ccccccsccsceseseeeeeeeeeenens 5-52 


Exchange Register with Alternate Register (Byte) ... 5-53 
Exchange Register with Alternate Register (Word) .. 5-54 


Exchange Registers with Alternate Bank ................. 5-59 
Exchange with ACCUMUIAtOr ............. cceeeeeeseeseeseeeeeees 5-55 
Exclusive OR (BYVt6)- «cx cevesernsdacctorsss avatiesuaee ces 5-178 
Exclusive OR (Word) sscisaivccseussgvresetiasn vesteraeacdetnes 5-179 
EXECUTION TIME. .............ccccccccceseussnsessseevevsssesseenes 5-18 
EXteNnG:- SIGH BYle) axcdsctetanceeusenstan ease carniseRevecis 5-57 
Extend: SIG (VWVONG) secsasussssiaeds ccvicesaes he ctaaseaieracoarenies 5-58 
EXISNGOd WOG GS scenic ceerstvhraagciavnnummeereemaatecwanneeies 5-4 
Extended REGISIClS <2iecesuscueressssveis ier esteccecuesees 1-1, 3-1 
EXTERNAL I/O ADDRESS SPACE...................0. 2-1, 2-6 
External Input/Output Instruction Group ............... 5-13 
EXT SAMSUMICUOR: gorsknd ss seusittey sceucntth dyancsuacteusauaesanesantie 5-9 
F 
POO | SLCl ata ashy seancanetetet at tharenemadeanasnteeeameanerenserct 5-17 
FETCHING Ai wisaeassuerene sien tennaasallerxwadarauneateioe sauce sanvenoumceetaes 6-2 
Flag and Accumulator registers ...........ccceceesesneeeees 2-1 
IAG EGISLON siccracssiseccorracesnaieaphodaveneiced sears ecu. 2-3, 5-1 
POLMMAL Uc tetscsnnetecaasniernmuasioc iia ley ee aca ohrausenmoncautaaeaeuaes A-1 
ONG i; namie coaeerene eh cuntentetaaianshacacssAccdbehoesam ona naaaeeeens A-1 
ORIG 3: sehueasethaueeustestabelea eeemies eavaranes Gham akee omens A-1 
PON NAE A attics el ecetlansel i aaiiey VAG Geg intteartigd cnecikeat ean A-1 
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H 
PIAA CaRy tla Geist cdacresse eis eaeteuceeipnie see aoeane toueis 5-2 
HALT and Sleep instructions ............ cc scseceeeveees 5-16 
TIGL acetone tense atta Seana veg uevunerayee aia neewuaaes wereiat causa 5-62 
Hardware reset OVEMTIAES .........ccceececceeeeeeeceeneeeeeeeenaes 6-1 
I 
VEXIGMG 2.5; tcccracousieinacivedanauiaaunegacunanuanaacaien eaten 6-3 
IO AAALESSING SPACE oo... ccc cceeesseeeeeeeeeeeesseeaaeees 1-4 
OFISUPUICTONS sescarsexersnnsensasiadeiteutseaatucastentinntinecesees 1-4 
IB CECOdEer CrECtiVE ....... eee eeetccecceeceeeeceeeseseeeesenaeeens 3-2 
FE THEI aaavsroul ci carteswerse aca tauasaeninealsscemrvearcchuesteas 6-3 
IPMIMMIC CALC saosin tour acrsseestincclusdasaetecdecessaivmcssamossunsiets 1-4 
Immediate AddreSSING MOE ...........cccsseeececceeseeeesenees 4-2 
IC KEMISME CB VIC) icarzs ctictaicecnsuseivanecade cdveanaanahcdcnenttoeeees 5-70 
IACPEMERE CWO): cccsrastestaaadiuapoerrnasrecsarssmetatess 5-71 
Increment and Decrement instructions .................. 5-9 
IMGCXTAEOISIOlS sesisjcsascsisnnemugtdrasesicanitantocnens 2-3 
INAOX TEQISICNS secichiecssicvcsdetuctndssiaveanccoidondeians 1-1, 2-1 
INGEXGOs jai incscus Sioned aoeeennee ee 1-4,4-1 
INGEXEC:ACCICSS js ciscrsisccesiassrainecinianinerteductevommteasss 4-5 
INdirect REGIStED .......... cee eccecceseeesseeseceenneeeeecs 1-4,4-1,4-3 
Indirect Register MOE ...........ccecccccceseseseessesseeeeeess 4-3 
DUE BY 1) s2ssc9si2isasbcats coh aeadetmonneeneutanbean ante anee's 5-64 
input trom Page O) x. nace ci eee roan 5-67 
TAU COW ORG) ccittnccrnceenner et eaea venom tnonaeenumacs 5-65 
INDUt ACCU MIUIAIOR soins sccuetacscnsc, weosenretisieccraatauataceees 5-66 
Input and Decrement (Byte) ......... ec eeeeeeeeeeeneees 5-72 
Input and Decrement (Word) .......eeeeceeceeeeeeeeeens 5-73 
Input and Increment (Byte) «0.0.0... ee ceeeeeeeenteeees 5-76 
Input and Increment (Word) .......ceeeeeecseccereereeeens 5-77 
Input Direct from Port Address (Byte) ............ccee 5-68 
Input Direct from Port Address (Word).......... cece 5-69 
Input, Decrement and Repeat (Byte) .............. eee 5-74 
Input, Decrement and Repeat (Word) ........... eee 5-75 
Input, Increment and Repeat (Byte)... 5-78 
Input, Increment and Repeat (Word) ........cceeeeeeeees 5-79 
INSTRUCTION EXECUTION AND EXCEPTIONS ..... 5-5 
INSTRUCTION SET FUNCTIONAL GROUPS ........... 5-6 
HSTUCTION GE GOUEN weisocsansssss'autcanscoanecilasscdeaxevessesbans 3-2 
Instruction Execution and Interrupts ..........eeeeeeeee 5-5 
Instruction Execution ANd Trap ...........cseseeesceeeeseeeeees 5-5 
INStruction fetCh/ExeCute ..........cccccessseeseeeeeecceeererereees 1-3 
IASTUC TON IMINEIMONIC cc converse cvssnc anenignZeudeeorscdiadiatns 5-17 
Interial:Date Buss ic ieee eat cciactintecaaennesveretomanewims 1-1 
Internal I/O Instruction Group ...........ccecececceceeseeseeees 5-15 
Internall/O lOCAUONS ici cote ebiael saa neato cones, 5-15 
Interrupt acknowledge transaction ........... eee 6-2 
igigcld gle) @ Cre) pice | Rmmrenevermenee terror crerre tre rer ene rerrrrrr ree 6-2 
INntenmrupt Enable Flag sisisiscrnctenGeanscdnaeaoetaidiacces 5-5 
Interrupt Enable Register ......... ee 2-6,5-15,6-1,6-3 
Interrupt Flags and ReGISters ............ cc sseseeeececereeeeees 6-2 
HLCIVEIO NIG S ss5, fe suctanssysccdentsncneaiier tae Site veg aeenenne ts 5-5 
Interrupt Mode Select... eeeeceeeeeceeeeeeseeeeeeeenes 5-63 
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INtSrrUPt MOdE..........cccccceessseseecereeeeneeees 6-1,6-2, 6-3, 6-5 
Interrupt Priority RANKING ..............c:ccsessessssrsssteseeeeeees 6-2 
IALOTRUDE REGISTER wstescniencsisvendincartonsnteneacioreseaaentieess 2-3 
Interrupt Register Extension ..............ccccessssssssesseteees 6-2 
Interrupt SErviCe FOUTINGS .......... cc eeeceeesssessststeeeeeeaeeees 1-3 
Interrupt Vectors MOde .............::ssssssscceeesceceeeeceeeenes 6-6 
HALE P ROE VECIONS sesiesscirptsnacticvanvagevennmanndacveuenometatemmenn: 6-2 
interrupt return INSTrUCTION ................ccccceeesesseeseteeeeees 5-5 
[FILO RNOUS tdayaceeeyeaatantcesiterete sa lterey alten cosine hes etna 6-1 
Interrupts, traps, AN reset ........ ee eeseee ees 1-4,6-1 
IW decoder CIreCtiVe 00... ccecccecccceececceceeeeseseeeeees 3-2 
IX Bank SCLC an dcsceisasevtaieasiaweaycenasiceees teens oteetanrens 5-4 
IX or IX’ Register S@leCt ........... ccc ceeesessesssssssseeeseeeeaees 5-4 
LY Bank S6lCCl at.tsrsscespeciansantetotuninsaieatanauneedeetseaye ciate! 5-4 
IY or IY’ Register Select .........ceceeccccccsssssseseeeeeeeeeeeees 5-4 

J 
CUP si ctdtsasczneecedvenseteaats oecandicaonetusbanavesiunauneurecuienssant Genres 5-80 
UITAD: Suvnnets ti rcinsaerenceh. tema aausedmasatemcinesietetes 5-1,5-80 
Jump and Call instructions ..............cccccsseeeseeseeeeeeeneees 4-3 
JUMP REIAUIVE vacicessecieicsiccihieatenss cosestdatdecscesasdees 5-1, 5-81 
L 

Linear Memory Address Space .............c:ssssesseeseeeeees 1-5 
OBO AC CUMULAIOR: eases cse cous wssadnasssneeseeaercatoetadensenices 5-82 
Load Accumulator from R or | register ................. 5-16 
Load and Decrement (Byte) ............cccccccceseseesseeeees 5-96 
Load and Decrement (Word) ..........ceccccceceeeessseeeeeeees 5-97 
Load and Increment (Byte) 0.0... cccesssseeseeeeeseeees 5-100 
Load and Increment (Word) ...............00ccccceceeeeeeeees 5-101 
OGG! BE GIS TS satay citi tera tisteantteceiaanaten tnkandvecaiolananantie A-1 
Load Control Register (Byte) ............ccseeseeeeeeeees 5-93 
Load from Control Register (Word) .............:::cecceceees 5-94 
Load from | or R Register (Byte).............ccceesseeeeeeees 5-90 
Load | Register (Word) ...........cccccecsseeesesssessseeteeeeanaes 5-92 
Load Immediate (Byte) ...............cccccccccseeeseeeeesesseeeeens 5-83 
Load Immediate (Word) ...........ccccececcecesceeeeeeeeeeeeeeeens 5-84 
Load into Control Register (Word) ...........cccccceeeseeees 5-95 
Load into | or R Register (Byte) ...............cccceeeeeeeeeeees 5-91 
Load Register (Byte) .............ccccccssessseeceeesesessessessseees 5-86 
Load Register (Word) ............ccceccceeeeeeeeeeees 5-87,5-88, A-1 
LOA: SIAC PONIEM ssi dcuerisaennttodsienincttasoearaelleoe: 5-89 
Load, Decrement and Repeat (Byte) ................08. 5-98 
Load, Decrement and Repeat (Word) ...........eceeee. 5-99 
Load, Exchange, SWAP and Push/Pop Group.......... 5-1 
Load, Exchange, SWAP, and PUSH/POP Group ..... 5-7 
Load, Increment and Repeat (Byte)................000 5-102 
Load, Increment and Repeat (Word) ................000 5-103 
load, arithmetic, logical, shift, and rotate ............... 4-10 
Oad/ EXCMANG 6: GIOUD waciie dacs snsetenatwiemavauiiuan 5-1 
[SOCK wsssaustsnestatracanevanecaneeuteeuavecinaneas Meeeaaeoeavedweale: 5-5 
LOGK/UNIOCK StAUIS siceiscacdas eesti si crnerpncenebearcaaetvaed 5-5 
Logical, signed numeric, or unsigned..................... 4-10 
OMG: WORGMOCG aisicxiieutyosnexntdes tagtes tea wcasecnaen tetas 5-5 
LW deCOder CIFECtIVE ...........cccececeseeeesessseeeestsetseeeenens 3-2 
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M 
Machine language bit ............cccc:cssssesssseceeeeseeeesaeeeees A-1 
Main. Bank SGICCE ssinccecavssetsivaundeesseinanccooestireanars 5-4 
Maskable Interrupt ...........cccccccssseseseeceereceeeeneeeeeeeeees 6-5 
Memory AdCCreSS SPaCe ou... ecseeeccccecceesteeceeceaaeeeees 2-1 
Memory Banking SCHEME ..........::::cccceeeeeceeeeseseseeeees 1-5 
memory addresSSing MOES ............cccssssseeeeseeseeseeeees 5-9 
WOGE SSE oy jassiviceceatictdeceetale Maiiaitaeocasemtacaties 5-105 
Mode Test instructions ...........ccc:seeeeseseeseceeeeeeeasnenes 5-16 
Multiple register DANkS .............ccceecsessesccseeeeeneeeeeeeees 1-5 
WU OIV WOT) cceereit devasititces st pictcen cartoons 6s 5-106 
Multiply Unsigned (Byte) ........ cc cceeeeseeeeeeeeeeeens 5-104 
Multiply Unsigned (Word) ...........cccccceeessesseeeeeeeeeeees 5-107 
N 
NATIVE MODE AND EXTENDED MODE .................. 3-2 
Native or Extended MOde ..........ccscecceeseeeceeeeneaaseeeeees 6-2 
NaliVelEXtenGeO? siccicccs cerivicasemiarteecncucaataceegenes 1-3 
Neégate ACCUMUIALON siccacicaran ssdavsexnentaaiaddancvccawieeias 5-108 
Negate ALINSUUCION wierd a conkians 5-10 
Negate HL Register (Word) ............ccccececeetssesseeseeees 5-109 
INGMODElAtON sists iecciasestncdetathevtion white nesedanaydeaedenteeee 5-110 
No Operation INSIMUCTION wiccoresinhieieconmeniziesiaues 5-16 
NONMASKABLE INTERRUPT ..............::00:c:eeceeeeeeeens 6-5 
Nonmaskable Interrupt (NMI) ...........ccccecceseceeeeeeneeees 6-1 
O 
Object-code compatibility «0.0.0... cesses eeeeeeeeeees 1-1 
ON-CHIP 1/0 ADDRESS SPACE... cccccccceeeeeeeees 2-6 
On-Chip I/O Address Space ..........cceeeececceesseeteeseeeees 2-1 
On-Chio: Register Files ic.ccsenictsieenettanarteeleuass 1-1 
Opcode Trap 
@) o[-1 219] 0 ener eee nena creme terete err rere arr errant etc rr aernr Tn 
CORA BYVie ): catasreiiseivccntes Seach sees sencan tetas geen aa eiones 
OR (WOR ) cca constenciea bared tacencasdatarr tes hype rnteansatans 
Output (Byte) 
OUSUE (IG Page: O) 2:6, aavacsscnccsatererencaveaneiass 5-124 
OUTBUE CV ORG) ciate ctacid sites sven ep tenwttaeie unset edeaearennss 5-122 
OULDUT AC CUMUIALON sicnicidessasecsateatorcnpstaasbaneten dat recs 5-123 
Output and Decrement (Byte) ............cccccceeeeeeeeeeees 5-127 
Output and Decrement (Word)...........:cccccceeeeseeeeeees 5-128 
Output and Increment (Byte)............cccccceeeeceeeeeeeeees 5-129 
Output and Increment (Word) ........eeccccceeceeeeeeees 5-130 
Output Decrement Me@Mory ............cccccceeeeceseeeeceeeees 5-113 
Output Direct to Port Address (Byte) ............ 5-125 
Output Direct to Port Address (Word) ..............008 5-126 
Output Increment MEMOTY .........cecceeseeeeeseeeeeeeeeeeees 5-117 
Output, Decrement and Repeat (Byte) .................. 5-115 
Output, Decrement and Repeat (Word) ................. 5-116 
Output, Decrement Memory Repeat .................. 5-114 
Output, Increment and Repeat (Byte) ................008 5-119 
Output, Increment and Repeat (Word).............0068 5-120 
Output, Increment Memory Repeat..............ccees 5-118 


A 2iLdsS 
Pp 
PAarity/OVenlow: FlaG: scaiécs Ads certict hice aes cess taveadeedates 5-2 
Pascal FOR OO: sccecserkceGoliwsayaccunpnteaet ocean 5-12 
POD AGCUMUIAION <cinica iar ater aaunaseetuanrcase neon ess 5-131 
POD-CONttOl REGIS sci cscievcsiccccarsesicorsverttarsvaceverewves 5-132 
POD ODS laNOM aisererviac cals ua nieetessseucnnte aseennicindeasiaiee 2-4 
POD FEGISICL stcdumerviusocedostnicniecmatnoatcusetamatioles 5-133 
PCP OO ijsbnaseiersesiac seule ais Acpneatenuansuacrseenealiumamaniat 2-4 
Primary and Working reQiSters ...........cccceseceeeeeeeeesenes 2-1 
PROCESSOR FLAGS sis cucateesieoreivscancdscsafiaceiaeaseas 5-1 
Program: Control Group vscstaszcieoecdeioniwssa 5-12 
PRC OPaARIS OUI 4: st vsassticcpeancat Vtiautiavet terre memacade ee 2-3 
Program Counter Relative ...........ccccecccesecssssseeeeeseeeees 1-4 
Program Counter Relative ACreSS ..........cccceeeeeees 4-4 
Program Counter, Interrupt register, Refresh ........... 2-1 
PSCUCO: PaSCal, Se seuscccsocsnmeeeenactadatmrcmnerohend athens 5-17 
PUSMMACCUMUIALOMN ciisrecas ieiecuidenniivadotvauekarceia list 5-134 
Push and Pop Operations ............ccsssssssssssssseeeeeseeeeees 3-2 
Push Control ReQISter ...........cccceccccccceeceeeesesteeseeeeres 5-135 
PUSH -IMUIMG CIALS: wavincesdhdccdensacenmden ty aewciinetesnegereucnasevs 5-136 
PUSH REOISION isicsuiareccseivensenes Saitaaseeieraaeneieaes 5-137 
PUSH/POP INSMUCIONS -sricgciirenennactiieas Hustare tnemasiars 5-7 
PP I SiO Gl wid srs eataase eaten eatuanraays uate seen an nea neenn es 2-4 
R 

PREGISTSD (Rs FN) eteecasites cine art cnet area retire tte 4-1 
FREGISICE Sica ads sal pic sianard caine tenctrcin Santis sactanund siennee canals 1-4 
FREGISISR TINS wate doscacencedeacayiciect ci dcananiiee weduuneusateeuenane 1-1 
PEGISIED Pall’ S acanh tines et elector cette 1-1 
REGISTER: IMIMECIAIC siisecatesl icvand eaheeusty tat cavaschiert 4-4 
Relative Addressing MOE .............:cecccceeceeeeeseeeeeneeees 4-6 
FES CCK caus setpacats va tous outantaseente sarteecanoneiaautiaseuteteaeers 5-5 
RESC LW (Reset Long Word).......ccccecceceeeeeeees 3-3 
ESC LW mnccuusitnssssorsuhessueneasaastasdrandiosguteareeseuestcane 1-3 
FRESE LW INSWUCTON sisisiivcsreceechersanreeotoecseattacanencantees 5-5 
Reserved on-chip I/O instructions ..........cccccceceeeees 2-6 
RESO Dolls scssasenaceddgaseaesssceuvacales v eavaavencleean saan 5-138 
PRESET COMMON ESI ast oft nas wadacnsntoeonoaeteincenanideaseattuclens 5-139 
Reset Control Long: Words viicccscsiieresvespeatiasnevnvet 1-3 
FROSLGUE wrsrisxcaros Kesauces seen saatiaasiaseeacuesstssaneaongougemenamts 5-157 
ROStare INSIFUICIION fciies natieheracuctaaeciutdedmaieastastensons 6-5 
RETHINSTRUC TION vcs ceo aiinricostedeadcespacdentoadaiecaaneie: 6-6 
PROT sc ce recien Yarevatnaicnire susie aun auitetusynamsuinnene asadere sauce 5-140 
Return From Nonmaskable Interrupt ............c00:ceeees 6-3 
Rei TOM IMLSN UD i vesnicdstcrenmevansoutintmanniencenacs 5-141 
FICLUIN: ThOMTINTSIRUDT sini sacieiectnevivinssierssareanennatoniaase 6-6 
Return from Nonmaskable Interrupt ........... ee 5-142 
Rotate and Shift Group ........ cc ssseeesseseeeeeeeseeeees 5-11 
PROLALS BIG caparnttas eis ws ereaiccaaetrag tas Sats a eawdetenlendes 4-10 
ROTATE INSIUCTIONS sctecisitaciaiersendscarss sete iieevedeatenaes 5-2 
Rotate Left (ACCUMUIAtOr) ...... eee eeeeeeeeseeeeeeees 5-145 
Rotate: eit (BYle) i scsscassiaisc au Merascsscdasanievacdecvesteatiass 5-148 
POLate- ett (WV OO) as crururiaietesacventeasnshancids peucta wereteiee’ 5-144 
Rotate Left Circular (Accumulator) ........... cee 5-148 
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Rotate Left Circular (Byte) ...........ccccecsseeeseeeeeeeeeees 5-146 
Rotate Left Circular (Word) ...........ccccceccecceeeeeeeeeeees 5-147 
MOlate Kell CIMCUlAl vas. conse hecenweraetenetealeioteta pian A-1 
Rotate Lett DiGi creeiindsia end Giiatieronoawate 5-149 
Rotate Right (ACCUMUIAtOL) ........ ce ceeceeeeeeceeeeeeeenees 5-152 
MOtete: RIGKTCBYV Ie) sic55 sees yoncdueslabu cee nan edaeseuacas 5-150 
Rotate Right (Word)..........cccceccesssesseecceeeeeeeeeseeeeesees 5-151 
Rotate Right Circular (Accumulator) ..............c0008 5-155 
Rotate Right Circular (Byte) ..............ccccceesesssreeeeeees 5-153 
Rotate Right Circular (Word) ...........ccececeeeceeeeeeeeees 5-154 
Rotate RIG Digit iscsticciesntasstecanseoienaeexedaniaenaey, 5-156 
DAVE) GSSIOl za, socasessesecsintarsteniautsavectars inci Aguanecneanians 5-7 
SAVEC CAMPY racsicnts tetas sctactandiinentenctenns Montadenmauaeeecess 5-2 
SEleCt REGISISl (OR) sashiwisscive aessaresi water Gueameine: 2-1 
SCISCURECISICN : ccicesuncsanrihasmintwerdteosainnceesmn a nrdeans 5-4, 6-1 
S15] k= || nee een Cm eRe tT er tee eer enre Roem (ets eereeTeneee re 5-162 
Set Bit and Reset Bit ........eeeesceeesseereeseeeeees 5-11 
Det Carry NaGe sich ahetne ence seeuiits a sneted aya elaeae gee 5-161 
Set CONUOL BI wisuiakoswwarnrimiannecasetaue: 5-163 
Set Control KONG WOInd snagisniaiateattcacitectondss 1-3 
Set/Reset Condition flag ........cceeeccccesseeeeseeeeeeeneees 5-12 
SET CLG caatancoteveciicstaieps suantteaneacnosiveseanccamsdtsneetareees 5-5 
SETC LW (Set Long Word) 0... eeceeeeeeeeeneneneees 3-3 
SG EW as rcsucntoocke te whauvnewededeamil halos dati aaicussaielncs 1-3 
SETS LWAnSTUCTION vacisnctearietasnetinacentoamasacses 5-5 
SETS: AV MASUCTON soi crsschehcvetiastateisnideayaesccemcenareiads 5-4 
Shift Left Arithmetic (Byte) ........ cc cceeessesseteeeees 5-164 
Shift Left Arithmetic (Word) o..cccicccsscterscceessisstesaccedes 5-165 
Shift Right Arithmetic (Byte) ............ceccccssseseeeeeees 5-167 
Shift Right Arithmetic (Word) .........cccccceeessnteeeees 5-168 
Shift Right Logical (Byte) .......... cc eeeeesceeesseseeeeseees 5-169 
Shift Right Logical (Word) .......cccsseteessttreeees 5-170 
SIG 1G eesasncccontsenarhaotersis annie tae ns een ans 5-2 
S] [Sic] See epee eRe enone ners cert err ir set eey inn ere 5-166 
Source/destination COMBINATION ............ cc eeeeeeeeee ees 5-7 
SlaC Ke PONIER( SP) cscnheradcrersiraiaccepleineieinese | 
Stack Pointer Relative ...........ceeeeeeeeeeees 1-4, 1-5, 4-1 
Stack Pointer Relative addressing mode .................. 4-7 
SIAN GDY MOU 0 sits shcacpatesvaastesvicns erveun sewers 1-1 
SING SCALCIVN Serniticagetalbinaiaveraeearerasccnerdsdderssnuwnrtonsoans 5-8 
SUOTOUUIME: Calli scesainreintuednanaraenciwherieseaseniusnansnseleyt soe 5-1 
SUBKOULING AOUMN i scsscdnesiiecorsassarsboroseessdonnoarcregosavace 5-1 
PUDICACT BV IC). haart alececus Give Giiaguliscttauntvenen 5-171 
SUDMACTWOFG) .eis5; aves neues ices 5-172, 5-174 
Subtract from Stack Pointer (Word)...........cceeeeeeee 5-173 
Subtract With Carry (Word) ou... ceeseeeseeeeeeeeenrees 5-159 
Subtract with Carry (Byte) 0... seeeeeseeseees 5-158 
VV saa s esa avr cnitiaaconet tuts raeacursetaee saataquavenaes eceubeeaal: 1-4 
DWODINSHUCION cusrswsatitorinerunvas dag di bandusay vatdasaviustpaiens 5-7 


Swap Upper Register Word with Lower Register ... 5-175 
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A) eiLdis User's MANUAL 
T V 
WO St CB VlC) wiciactatncevacnticdtcaveuuedtuae Awaeansotiliatiasetuaawess 5-176 —Vectored interrupt mode (Mode 2) ...........ccceccceeeeeeees 1-5 
TSU OcPOM ‘coca daateo dette pieasei acon eased aieas ai 5-177 
TRAP INTERRUPT iste coccietese cok tscuataetactence 6-4 _ Ww 
Trap and Break Register ............... seonpa eaves 26,64 — W decoder directive ...cccccssssccsssssessssescsstessssesessecsesee 3-2 
Trap HANAlING FOULING ......seeseeessssetecssseecssnneeesenenaes 5-5 Word or Long Word block transfer v.ccccsccccssecssssceessee 5-8 
Trap On INStrUCTION FELCH .......ecccccccccceceeseeeeceeeeees 6-4 Word strings 4-10 
Trap on Interrupt VECtOr wo... ceessecesseseseeereees Sie amen VV ete 4-3 
TTA REO SIO occu rusts csnnencenterendsecnnsNouexs oasoun 5-15, 6-4 er ce 
VST IGSTUCTCM 2 xccncecarncscnsededsvisadioutsucaiaeataeved use taat 5-9 Z 
TSS MSTUCU OM a icstiecsan tess i rceneensawnoten vancvedennnileantete 5-15 = 
ZEIO DVIS INCU isi useiel assertions eaucn 5-2 
U PRON AG is icc cecedtaiia asses Ganaides ade eteneanseaceancamredietenhiht 5-2 
Ump relative/Call relative .............ccccccescccceeeeeeeeseneaes 1-6 
Unsigned divide InNStruction ............::::ccceseeseteeeeeneees 5-10 


PR er qrewnar eamarneene 


i pe ee 
+ i x 4 i a ee ae j ; ; Bee " 
ee cls . . i i se acloneue a < oS j a 7 R F 
wee FS ee ae fp gt & . ¢ Bre Sas i ee, j : 8 : i . 
ma a = cy t dere £, ae : i wd ft i : Bato H ova hy, 3 i ‘ 2 
R é - Pe bt os : : 
ives 4 el t 4 mmm 4 i j sof . 4 Rx Pan fm. # fos Kay OF é 
; ; . ij Beedle CE? ON ices og gemma i S teenae a etd 
ceieleg Marcin Sasi 3 : } bitte wd : aed : Led oe ee 
Ree Boh Fo bate Hae eae Spe i pan Be He acs od z = 4 Mee # 
Neuash 42 Fa. aed Sccoiiewnd cudwln E 3 eee on 
ae wheln wedi ok E 3 s ; 
Bide Cala? Sita, dt or Aetna, -- toon tae ie 


aie oon 
Er. Oe ae Y eae £% 1888 
. < 4 7 Peet EE ey eR 
“a0 BO Ta Vaewoen 3 {een eas a fsa 5 
oS pase | pee rey Nes oe rps, eo pt 
aan * 3 = Re be fee 4% fue} 
ete Pech Pe od ee ia Sent Nae sr ee ess 
SF wE x F aw¥ fo, 2% weed Frrennwwer ay LP ERY, ot em, et 
— ame ae ae Sue me ee PH EH Es 
gm great : oon cae 2 ie ® 8 
pannel ell fs agg aoe Pett ee basen et Ne erm 
aeaaiih rg omen vain wae Ee eohen = “once it corr oe Pore, ange 28 
Sa, von § ae rorss easy my = pov oe gene) gad NT 
mead 7 throne tent patra a ae Sig ee 
Fee ory na fone $ acne Same | cha ara merry LATE ee F 
gare Lord eee een fren pow a Feed egos 2 lmeeg needs FT 
esi te | aoc | Fare wet web My 2 coeetet Page ee qos 
oy ae Pan ae Tosi emt CO cae pene tnt 
 ARaEee I % 4 s Ga Sua mee a Se é 3 anne 
s Led Se fey a _ iw > wrae 
poe, Pr en ST %, Neo es Boot Papasan Ne tat oe hoon 3 
oe. sas 4 pare ay bee BO toy Bott ee Eee 
‘os Hee eS Cosy | exe A ind Set) TL pees 
An noe nee sat 7 Deageneeonaay as ae ™ tes < 
om rey Latin f ances Pan ony t=») Bia a ee a 
saves and ipa t=? ono << seals fs i ae nee 
pe oo Soe | fie eS goog reek Fae Se 
4 ae ects ae oO$ Fev Soa papel eee acted os 
obey ai can ga eee! ed oi SF OE 
i ere sy a no wwe % TS Ay OO 
re bey % we ede , SN ee 2 oe fre reread 
a Me wae uw oe < Aves Ry wey 
paroens sorcery LOPE of wed 
“gage Fe 8 yo ~e rt Songgrgen. 3 
De hes Syet gpm 
es an 
_ non, mate : £. a 
es ws is see 
a] eo See a SI ea Ol 
wan aw meng Pango vy & 
ow eevee $ 2S ee 
he ~% _ gene mi, 
a. pas ee Ae ae 
Eoin ied og Reta 
ey an sin, ary 
gos 
jm | on grrr, § hoe Tea 
pipet Eno ce 
ban FRE 
Lyne 3 
pereg 
one 
pense icaed 
ate 8 
has bse 
Pan, FE 
Toe 


Support 
Propucts 


2 | P3 | 
30/031/E31 


31 or 47 DIGITAL 1/0 


Z86C30/E Z89065/Z89C66 289165/289166 


78® Consumer Controller Processor (CCP™) 
286030 = 28-Pin, 4K ROM 

286031 = 28-Pin, 2K ROM 

Z86C40 = 40-Pin, 4K ROM 

Z86E30, Z86E31, Z86E40 = OTP Version 


Telephone Answering Controller 


Z8® NMOS (CCP 
we Z89C66 = ROMLess with 31 1/0 Pins 


28600 = 2K ROM 
28611 = 4K ROM 


m 2K/4K ROM 

m 128 Bytes RAM 

m 22/32 |/0 Lines 

m On-Chip Oscillator 

m Two Counter/Timers 

m Six Vectored, Priority Interrupts 
m UART (28611 Only) 


@ 24K ROM (Z89C65 Only) 

16-Bit DSP 

4K Word ROM 

8-Bit A/D with Automatic 

Gain Control (AGC) 

DTMF Macro Available 

LPC Macro Available 

10-Bit PWM D/A 

Other DSP Software Options Available 
47 1/0 Pins (Z89C65 Only) 


4K ROM/236 RAM 

Two Standby Modes 

Two Counter/Timers 
ROM/RAM Protect 

Four Ports (286C40/E40) 
Three Ports (286C30/E30/C31/E31) 
Low-Voltage Protection 
Two Analog Comparators 
Low-EMI Option 
Watch-Dog Timer (WDT) 
Auto Power-On Reset 
Low-Power Option 


28-Pin DIP 68-Pin PLCC 
40-Pin DIP 


44-Pin PLCC, QFP 


28-Pin DIP 
40-Pin DIP 
44-Pin PLCC 


289C6501ZEM - Emulator 
289C6500ZDB - Emulator 


786C1200ZEM - Emulator Z86CCPOOZEM - Emulator 

Z0860000ZCO - Evaluation Board §{ Z86CCPOOZAC - Emulator 

Z0860000ZDP - Adaptor Kit Z86C5000ZEM - Emulator 
Z86E3000ZDP - Adaptor Kit 
Z86E4000ZDP - Program Adaptor Kit 


Low-Cost DTAD Controller 
289166 = ROMLess with 31 1/0 Pins 


24K ROM (Z89165 Only) 
16-Bit DSP 

6K Word DSP ROM 
8-Bit A/D with Automatic 
Gain Control (AGC) 
DTMF Macro Available 
LPC Macro Available 
10-Bit PWM D/A 


Other DSP Software Options Available 
47 \/0 Pins (289165 Only) 


68-Pin PLCC 
80-Pin QFP 


Z8906501ZEM - Emulator 
Z89C6500ZDB - Emulator 
Z8916500ZCO - Evaluation Board 


W : 
nN 


ASILGS TELEPHONE Answerine Devices 


| Biock 
DIAGRAM 


| Part Number ‘|: 289067/289068/Z89C69 789167/289168 789169 


DESCRIPTION 


a 
24K/32K 

nom | «ROM | 
RAM PORT | CODEC INTF. 


RAM 
REFRESH 


27 or 43 DIGITAL 1/0 


Telephone Answering Controller 


| Z89C6/ = 24 Kbytes of Program ROM 
Z89C68 = ROMLess with 27 |/0 Pins 


FEATURES 


| Z89C69 = 32 Kbytes of Program ROM 


oer 
Faax rom) ak Ron | 


RAM 
REFRESH CODEC INTF. 


27 or 43 DIGITAL 1/0 


Enhanced Telephone Answering Controller 
289168 = ROMLess with 27 1/0 Pins 


SUPERINTEGRATION. PRobUcTs GuIDE 


0s 
[ek now [8K ROW 


27 or 43 DIGITAL 1/0 


Enhanced Telephone 
Answering Controller 


CMOS: 20 MHz CMOS: 24 MHz CMOS: 24 MHz 


16-Bit DSP 

6K Word ROM 

DTMF Macro Available 

LPC Macro Available 

10-Bit PWM D/A 

Other DSP Software Options Available 
ARAM/DRAM/ROM Controller and Interface 
Dual CODEC Interface 

43 1/0 (Z89C67 Only) 


24K ROM (289167 Only) 

16-Bit DSP 

8K Word ROM 

DTMF Macro Available 

LPC Macro Available 

10-Bit PWM D/A 

Other DSP Software Options Available 
ARAM/DRAM/ROM 

Dual CODEC Interface 

43 1/0 (289167 Only) 


32K ROM 

16-Bit DSP 

8K Word ROM 

DTMF Macro Available 

LPC Macro Available 

10-Bit PWM D/A 

Other DSP Software Options Available 
ARAM/DRAM/ROM 

Dual CODEC Interface 

43 |/0 


| PACKAGE | 84-Pin PLCC 84-Pin PLCC 84-Pin PLCC 
: 2 100-Pin QFP 100-Pin QFP } 


1 SUPPORT 
| Propucts 


F Z89C5900ZEM - Emulator 


Z789C6700ZEM - Emulator 
789C6700ZDB - Emulator 


28916902ZCO - Evaluation Board 


§ Z89C5900ZEM - Emulator 
s 7Z89C6700ZEM - Emulator 


Z89C6700ZDB - Emulator 
Z89169022ZCO - Evaluation Board 


Z89C5900ZEM - Emulator 
Z89C6700ZEM -Emulator 
289C6700ZDB - Emulator 
28916902ZCO - Evaluation Board 


@ ZILA ‘TWNaee Pronvers 


Rieck 


| 16/8K ROM 1K/6K ROM 2K/8K/16K ROM 
| DiacRAM 4K CHAR ROM 78 CPU Z8 CPU 
, £8 GPU 124 RAM 128,256 
WOT RAN 
13 [TIMER] 5 SYNC/DATA| OSD 768 RAM 
PORTS SLICER | CTRL po P1| p2] P| 


Z86L06 = Low-Voltage CMOS Zilog Infrared Remote Controllers 
Consumer Controller Processor J (ZIRC™) for IR Remote/Battery Operated 
Z86L29 = 6K Infrared Remote Applications Ranging in ROM: L70=2K, 
Controller L71=8K,L72&78=16K,L73&74=32K, 
L75=4K,L76=12K,L77=24K 


DTCs ) Television, VCRs, and | Reduced ROM, RAM, PWM aunts Caption Controller Mic” ) 
| Cable for Greater Economy | 786129/228 = Line 21 Closed 
Caption and EDS Controller 


= | 8K/16K/OTP ROM fi 6K ROM, 256 Byte RAM 
' & 256 Byte RAM Ei 120x7-Bit Video RAM 
21 160x7-Bit Video RAM 
On-Screen Display 
(OSD) Video Controller ize 
Programmable ~— Position Attributes 
7 PWMs 


— Color 
— Size 96 Character Set 
— Position Attributes 3Kx6-Bit Char. Gen. ROM 
13 PWMs for D/A Conversion Watch-Dog Timer (WDT) 
128-Character Set Low-Voltage Protection 
AKx6-Bit Char. Gen. ROM Three Ports/20 Pins 

Two Standby Modes 


a 
i 
a 
ta Watch-Dog Timer (WDT) 
| m@ Low-Voltage Protection Low-EMI Mode 
| a 
a 
3. 
| 64- 


1K ROM and 6K ROM 
Watch-Dog Timer (WDT) 
Two Analog Comparators with 
Output Option Two Standby Modes 
Two Standby Modes Two Enhanced Counter/Timers 
Two Counter/Timers — Auto Pulse 
Auto Power-On Reset — Reception/Generation 
2V Operation Auto Power-On Reset 
RC Oscillator Option 2V Operation 
Low-Noise Option RC Oscillator Option 
Low-Voltage Protection Low-Voltage Protection 
High-Current Drivers (2, 4) High-Current Drivers 
~— Three OTP Versions 
Available 
— Z86E72/73/74 


Hi Conforms to FCC Line 21 
Format 
Parallel or Serial Modes 
Stand-Alone Operation 
On-Board Data Sync and 
Slicer 
On-Board Character Generator 
— Color 

Blinking 

Italic 

Underline 

Extended Data Services 


Watch-Dog Timer (WDT) 
Two Analog Comparators 
with Output Option 


’ ’ 
us Va 


Five Ports/36 Pins 
Two Standby Modes 
Low-EMI Mode 


| PACKAGE Pin DIP 40-Pin DIP 18-Pin DIP 18-Pin DIP Z86L71=20-Pin DIP/SOIC 


18-Pin SOIC Z86L70/L75=18-Pin DIP, SOIC 
| Z86L72/L76/L77=40,44-Pin DIP, 
PLCC, QFP 
786L.74=64/68-Pin 


Z86L7200TSC - Emulator 
786L7100ZEM - Emulator 


| Support 
| Propucts 


Z86C5000ZEM - Emulator 


| Z86C2700ZCO - Evaluation Board? 286C2700ZDB - Emulator Support Documentation 
7 Z286C2700ZDB - Emulator | 28602702ZEM - Emulator Provided with the device 
| Z86C2700ZEM - Emulator 286C2700ZCO - Evaluation Board 


286L7100ZDB - Emulator 


it 
AS 


] 
| 
| 


(N2iLM@IS TV/Vineo Prooucts SUPERINTEGRATION” PRopucts Guide — 
| 


32K 16K 
12K/16K/24K ROM 
per ne 


RAM 2¢ rar | 
OSD CCD OSD CCD 
Pet] wore pots 


| wor Pr na wore Pos 


Sun 


DESCRIPTION 28® Consumer Controller 28® MCU with Expanded I/Os Advanced TV Contreller with 
Processor (CCP™) Closed Caption Decoder (CCD), 
Z86E40 = OTP Version StarSight*, OSD for TV, VCR, 
Cable, Satellite 
289301 = OTP Version 


Process/SPEED | CMOS: 12 MHz CMOS: 16, 20 MHz CMOS: 12 MHz CMOS: 12 MHz CMOS: 12 MHz 


EQ 4K ROM, 236 RAM m 16K ROM StarSight Capability StarSight Capability StarSight Capability 


12K/16K/24K ROM 


DSP CORE 
RAM I2C 


BLock 
DIAGRAM 


Advanced TV Controllerwith CCD 4 Advanced TV Controller with 
StarSight, for TV, VCR, Cable, CCD StarSight, OSD for TV, 
satellite VCR, Cable, Satellite 


789301 = OTP Version 289301 = OTP Version 


a 
Two Standby Modes mw Full-Duplex UART m Closed-Captioning Closed-Captioning Closed-Captioning 
Two Counter/Timers m Two Standby Modes m DSP 12 MHz DSP 12 MHz DSP 12 MHz 
ROM Protect (STOP and HALT) m 16-Bit, 512 Byte (289314) 16-Bit, 640 Byte RAM 16-Bit, 640 Byte RAM 
RAM Protect m@ Two Counter/Timers m 640 Byte RAM 12K/16K/24K ROM 12K/16K/24K ROM 
Four Ports m ROM Protect Option m 12K/16K/24K ROM Programmable OSD Programmable OSD 
Low-Voltage Protection m RAM Protect Option m@ Programmable OSD ?C, 9 PWM PC, 7 PWM 
Two Analog Comparators m Pin Compatible to 286C21 m C*,7 PWM 4-Channel ADC 5-Channel ADC 
Low-EMI Mode m Z86C61 = Four Ports a 
Watch-Dog Timer (WDT) m Z86C62 = Seven Ports am 
Auto Power-On Reset a 
Low-Power Option | 
a 
*N 


3-Channel ADC 
Watch-Dog Timer (WDT) 
Two Ports 
32 kHz, XTAL 
Low-Power Mode 

ot Available on 789314 


Watch-Dog Timer (WDT) 
Two Ports 

32 kHz, XTAL 
Low-Power Mode 


Watch-Dog Timer (WDT) 
Two Ports 

32 kHz, XTAL 
Low-Power Mode 


40-Pin DIP Z86C61 = 40-Pin DIP 40-Pin SDIP | 52-Pin SDIP 42-Pin SDIP 
44-Pin PLCC 286061 = 44-Pin PLCC,QFP 
286062 = 68-Pin PLCC 


Z8930900ZEM - Emulator 28930900ZEM - Emulator Z8930900ZEM - Emulator 
Z8930900TSC - Emulator 78930900TSC - Emulator Z8930900TSC - Emulator 


Support 
Propucts 


Z86C5000ZEM - Emulator Z86C5000ZEM - Emulator 
Z86CCPOOZEM - Emulator Z86CCPOOZEM - Emulator 
Z86E4000ZDP - Adaptor Kit 


28930901TSC - Emulator 28930901TSC - Emulator 
786E4000ZDV - Adaptor Kit 28930901TSC - Emulator 


CQ¥DILANS Discrete Z8© MicroconTROLLeR | SUPERINTEGRATION Propucts GUIDE 


Bock 
DIAGRAM 


512 Byte ROM 
Z8® CPU 


WDT 


Par No = 


DESCRIPTION Consumer Controller Processor (CCP”) 
with 512 Byte ROM Z86E04 = OTP Version with 1 Kbyte ROM 
Process/SpeeD | cmos: 8 Miz CMOS: 8 MHz CMOS: 12 MHz 


512 Byte ROM 1 Kbyte ROM 1 Kbyte ROM 

64 Byte RAM 128 Byte RAM 128-Byte RAM 

Two Standby Modes Two Standby Modes Two Standby Modes 

One Counter/Timer Two Counter/Timer Two Counter/Timer 

ROM Protect ROM Protect ROM Protect 

Two Analog Comparator Two Analog Comparator Two Analog Comparator 

Auto Power-On Reset Auto Power-On Reset Auto Power-On Reset 
Low-Voltage Protection Low-Voltage Protection (ROM Only) Low-Voltage Protection (ROM Only) 
141/0 14 1/0 141/0 

RC Oscillator Option Low-Noise Option RC Oscillator Option 
Low-Noise Option Serial Peripheral Interface (SPI) 


786004 = 8-Bit Low Cost 1 Kbyte ROM MCU Consumer Controller Processor (CCP™) 


18-Pin DIP 18-Pin DIP 18-Pin DIP 
18-Pin SOIC 18-Pin SOIC 18-Pin SOIC 


Z86CCPOOZEM - Emulator Z86C0800ZCO - Evaluation Board Z86E0600ZDP - Adaptor Kit 
Propucts Z86CCPOOZAC - Emulator Z86C0800ZDP - Adaptor Kit Z86C5000ZEM - Emulator 
286C1200ZEM - Emulator Z86C5000ZDP - Adaptor Kit 
Z86C1200ZPD - Adaptor Kit Z86CCPOOZEM - Emulator 
Z86CCPOOZEM - Emulator Z86CCPOOZAC - Emulator 
Z86CCPOOZAC - Emulator 


ri 
fe) 


7 BLOCK 
| DIAGRAM 


SupPorT 
Propucts 


PN SLMS Discrete Z8° 


Z86C08 = 78® MCU with 2 Kbyte ROM 
Z86E08 = OTP Version 


2 Kbyte ROM 

128 Byte RAM 

Two Standby Modes 

Two Counter/Timer 

ROM Protect 

Two Analog Comparators 

Auto Power-On Reset 

Low-Voltage Protection (ROM Only) 
141/0 

Low-Noise Option 


286C0800ZC0 - Evaluation Board 
Z86C0800ZDP - Adaptor Kit 
Z86C1200ZEM - Emulator 
Z86C1200ZDP - Adaptor Kit 
Z86CCPOO0ZEM - Emulator 
Z86CCPOOZAC - Emulator 


MicROcONTROLLER 


286030 = Z8® (CCP") with 4 Kbyte ROM 


Z86E30 = OTP Version 


4 Kbyte ROM 

236 Byte RAM 

Two Standby Modes 
Two Counter/Timer 

ROM Protect 

Two Analog Comparators 
Auto Power-On Reset 
Low-Voltage Protection (ROM Only) 
24 1/0 

RC Oscillator Option 
Low-Noise Option 


Z86E3000ZDP - Adaptor Kit 
Z86C5000ZEM - Emulator 
Z86C5000ZPD - Emulator Pod 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 


SUPERINTEGRATION. PRropucts GuIDE 


286C31 = 8-Bit MCU with 2 Kbyte ROM 
786E31 = OTP Version 


2 Kbyte ROM 

128 Byte RAM 

Two Standby Modes 

Two Counter/Timer 

ROM Protect 

Two Analog Comparators 
Auto Power-On Reset 
Low-Voltage Protection (ROM Only) 
24 1/0 

RC Oscillator Option 
Low-Noise Option 


Z86E3000ZDP - Adaptor Kit 
Z86C5000ZEM - Emulator 
Z86C5000ZPD - Emulator Pod 
Z86CCPOOZEM - Emulator 
Z86CCPOOZAC - Emulator 


ASILAS Mutimenia/PC Avni Superintecration” Prooucts Guipe 


| Bock a SABuS iF 

| , DMA | Interface 
Diagram : 512 RAM|4K ROM| : 512 RAM| | ira 
: 3 Gee 2 16-BIT MAC | 16-BIT MAC | Control 
; | Se 2 Peripherals | Peripherals} Codec oi 
: . Interface 


aD | interac i 
| 


f DESCRIPTION | 8-Bit Digital Audio Processor 16-Bit Digital Signal Processor | 16-Bit Digital Signal Processor Small Computer System Interface (SCSI) 
! | Z89371= OTP Version 
| Process/SpEED | cMos: 12 Miz | CMOS: 10 MHz CMOS: 20 MHz | Clock: 1.5 Mb/s | 


| FEATURES | Sound Blaster™ Compatible | a 16-Bit Multiply/Accumulate | 1 16-Bit Multiply/Accumulate | i Compatible 5380 Pin-out 
: ADPCM Decompression | 100ns i 63 501s m@ CMOS 
E] 8-Bit DAC Interface 1 512 Word RAM | &2 512 Word RAM 7 & ~Asynchronous I/F Supports 1.5 Mb/s 


Successive Approximation ADC | £2 4K Word RAM 1 G2 4K Word ROM 1 48 mA Drivers 


Algoritant | &2 Peripherals Interface Bus 2 Peripherals Interface Bus B Arbitration Support 
; : MIDI Interface |) 74 Instruction Set i 2 CODEC Interface 7 & Support Normal or Block Mode DMA 7 
| PACKAGE | 40-Pin DIP | 40-Pin DIP | 40-Pin DIP | 40-Pin DIP : 
| 44-Pin PLCC # 44-Pin PLCC | 44-Pin PLCC | 44-Pin PLCC 


| SUPPORT | Support Documentation | Z89C0000ZEM - Emulator | 78937100ZEM - Emulator | Support Documentation 
s Propucts : Provided with Device : : | Provided with Device 


LS 
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SoundBlaster™ is a Trademark of Creative Labs, Inc. 


oo 


ISA Bus I/F 


DMA |Interface 
Logic | Logic 


#® SILAS -Muttimenia/PC Avio = =—s—<i—stsi‘;‘*S Wir ets Devic es 
Interrupt} Control 


Bock 
Modulator 
DIAGRAM 
SK 
f Logic | Logic 


Detector 


Data 


Transmit & 
“ eceive 
eva Buffer | C00 
DAL's | Demodutato 
Registers 


Bank 
onto 
| Description — | scsi Adaptor | 


Cordless Phone 
Transceiver/Controller 


Spread Spectrum 
Burst Processor 


mm Supports 900 MHz Spread 
Spectrum Cordless Phone 
Design 


mi Operates up to 11.1264 Mchips 
Second in Transmit and Receive 
Modes 

m= Maximum Data Rate of 2.048 Mbps 
in Conformance with FCC Regulations 

m Supports Differentially Encoded 
BPSK or QPSK Modulation 

mi Full-or Half-Duplex Operation for 
FDD or TDD Implementations 

Two Independent PN Sequences 

Power Management Features 


4-Channel 

16-Bit Linear 

PCM Sound Generator 

Sampling Rates 20 kHz to 44.1 kHz 
Support 16-, 18-, and 20-Bit DAC 
Audio Bandwidth 0 Hz to 20,000 Hz 
Direct Interface with PC ISA Bus 
Direct Support 4Mx16 ROM 


f @ ANSI X3, 131-1986 Standard 
fm =DMA or Programmed I/0 Data Transfers § 
| i Asynchronous Interface Support 
m@ 3 Mb/s 
m ISA Bus I/F 


Adaptive Frequency Hopping 
Transmit Power Control 

Bus Interface to ADPCM 
Processor 

12K Words of RAM for 
Transceiver and Phone 
Control Software 

32 Pins of Program I/0 

ROM Code, OTP and ICEBOX"" 
Version to be Available 03/94 


# PACKAGE 40-Pin DIP 84-Pin PLCC 100-Pin VOFP 84-Pin PLCC 
44-Pin PLCC | | 


Z02000002C0 - Evaluation Board Z870000ZEM - Emulator 


} @ Glitch Eater 


SupPoRT | Support Documentation | Support Documentation 
| Propucts | Provided with Device | Provided with Device 


*Z2000 1s sold under license from Stanford Telecommunications, Inc. ASIC and Custom Products Division 
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Bick = |) [aa ce 
Dicram = | [ecru | na Taavceu | a [ae oru | na 
Counter/Timers Counter/Timer 
WDT 
[Po | Pi | 2 | Po | Po | p2_| P3 | 


i a oo as 
DESCRIPTION 1 Keyboard MCU 28602 = 2K ROM Keyboard MCU 1 Keyboard OTP MCU | Mouse MCU 

: 28614 = 4K ROM Keyboard MCU 
Process/Speep NMOS: 4, 5 MHz NMOS: 4 MHz | CMOS: 4 MHz CMOS: 4 MHz 


a 4K ROM 4K ROM lm 8KROM 2K ROM 


124-Byte RAM ™ 124 Byte RAM 256 Byte RAM 124 Byte RAM 

32 1/0 Lines & 321/0 Lines i @ 321/OLines 14 1/0 Lines 

Two Counter/Timers @ Two Counter/Timers 1 & Two Counter/Timers Two Counter/Timers 
Watch-Dog Timer (WDT) & Dedicated Row Column Pins | & Dedicated Row Column Pins Dedicated Opto-Transistor Pins 
RC Oscillator | Integrated Pull-up Resistors 
Dedicated Row Column Pins Power-Down Modes 
Data/Clock Pins Power-On Reset (POR) 


Direct Connect LED Pins Watch-Dog Timer (WDT) 


40-Pin DIP 
44-Pin PLCC 


18-Pin DIP 
18-Pin SOIC 


| 40-Pin DIP 
| 44-Pin PLCC 


40-Pin DIP 


44-Pin PLCC 


| Z08602002C0 - Evaluation Board Z86C1200ZEM - Emulator 
Z86C01200ZEM - Emulator 


) Z0860200ZDP - Adaptor Kit 


208602002CO - Evaluation Board 
Z8601200ZEM - Emulator 
Z0860200ZDP - Adaptor Kit 

1 Z8601200ZPD - Emulator Pod 


20861500ZCO - Evaluation Board 
286C01200ZEM -Emulator 
Z0861500ZDP - Adaptor Kit 


Support 
Propucts 


OL-S 
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| BLock | 2KROM , | tKROM |__ 4K ROM _| |__4KROM_| 
| | | 288 CPU | zee cPu | RAM | Ears 
DiacRam 
Codec Interface 
| 16-Bit | DATA | 
| [ro [2 TPs | po | p2 | PS | 


'Pant NumBer | 286009/z86C07/286E08 286004/Z86E04 289321/289371 286030/Z86E30 
| DESCRIPTION | Pointing Device Z8® MCU Discrete MCU 16-Bit Digital Signal Processor 278° MCU 
1 Z86E08 = OTP Version Z86E04 = OTP Version 289371 = OTP Version 286£30 = OTP Version 
Process/SPeED CMOS: 4,8,12 MHz CMOS: 4 MHz CMOS: 15, 20 MHz CMOS: 8, 12 MHz 


SUPPORT | 786C1200ZEM - Emulator 
PRrobucts 


4K Word ROM 

256 Byte RAM 

24 1/0 Lines 

2 Counter/Timers 
Power-Down Mode 

Two Comparators 
Power-On Reset (POR) 
Watch-Dog Timer (WDT) 


1K ROM m 4K Word ROM 

124 Byte RAM m 512 Word RAM 

14 1/0 Lines @ 16 Bit 1/0 Bus 

Two Counter/Timers | & Two Counter/Timers 
Power-Down Modes m CODEC Interface 

Two Comparators mi 50/75 ns Cycle Timer 
Power-On Reset (POR) m 4K OTP ROM (289371 Only) 
Watch-Dog Timer (WDT) 


2K ROM 

124 Byte RAM 

14 1/0 Lines 

Two Counter/Timers 
Power-Down Modes 

Two Comparators 
Power-On Reset (POR) 
Watch-Dog Timer (WDT) 
Auto Latch (Z86C07 Only) 


s 18-Pin DIP 40-Pin DIP | 28-Pin DIP 
| 18-Pin SOIC 44-Pin PLCC 28-Pin SOIC 


18-Pin DIP 
18-Pin SOIC 


Z86C1200ZEM - Emulator 28937100ZEM - Emulator Z86C5000ZEM - Emulator 
Z86CCPO0ZEM - Emulator 28937100TSC - Emulator 


a 


AILS 280° Emsenpen ContRoLters -SUPERINTEGRATION” Propucts GuiDE 


i Biock : 
| DiacRAM : 


| Part Numer | zeacot 784013/284013 784015/284015 


an 


| DESCRIPTION | Z80® CPU with Clock Generator/Clock Killer 1/0 (Three Z80® Peripherals) | Intelligent Peripheral Controller Enhanced Intelligent Peripheral | 


| Process/SpPeeD | CMOS: 10 MHz | CMOS: 8, 10, 12 MHz | 284013 = CMOS: 6, 10 MHz 284015 = CMOS: 6, 10 MHz 


Z84C13 = CMOS: 6, 10 MHz 284C15 = CMOS: 16 MHz 
| Clock Generator/Controller | a Serial Input/Output (SIO) 
| & Four Power Down Modes Counter/Timer Circuit (CTC) 
. | & Plus Eight I/0 Lines 
; : | & Three 8-Bit Ports 


a PACKAGE | 44-Pin QFP | 84-Pin PLCC 84-Pin PLCC 100-Pin QFP 
. 44-Pin PLCC  80-Pin QFP | 100-Pin VOFP 


| Support 284C9000ZCO - Evaluation Board : 284C9000ZCO - Evaluation Board | 284C1500ZC0 - Evaluation Board 284C1500ZCO - Evaluation Board 
| Propucts | | 


Serial Input/Output (SIO) 
Counter/Timer Circuit (CTC) 
Watch-Dog Timer (WDT) 
Clock Generator Circuit (CGC) 
Four Power-Down Modes 
Power-On Reset 

Two Chip Selects 

32-Bit CRC 

Wait State Generator (WSG) 
Evaluation Mode 


Serial Input/Output (SIO) 
Counter/Timer Circuit (CTC) 
Watch-Dog Timer (WDT) 


Clock Generator Circuit (CGC) 
Wait State Generator (WSG) 
Power-On Reset (POR) 

Two Chip Selects 

Evaluation Mode 
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@ 2iLaS 780° Enocopen Conrnouens / SuperINTEGRATION™ Prooucts Guine 


Clock w/ 
aaneby 
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ae 
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DESCRIPTION High-Performance 280® CPU 
| with Peripherals 

788180 = Static Version 

1 Z8L180 = Low-Voltage Version 


s 2380" Microprocessor 
Z8L380 = Low-Voltage Z380 


Zilog Intelligent Peripheral (ZIP™) 
| Z8L182 = Low-Voltage Version 


| Smart Access Controller 


Z8L380 = CMOS: 10 MHz 


280180 = CMOS: 6, 8, 10, MHz CMOS: 10, 12 MHz | 780182 = CMOS: 16, 33 MHz 
) 280380 = CMOS: 16, 18 MHz 


285180 = CMOS: 16 MHz j Z8L182 = CMOS: 20 MHz 
Z8L180 = CMOS: 20, 33 MHz 


Process/Speep 


FEATURES m Enhanced 280® CPU /=@ Complete Z180™ plus SCC/2 lm Static Version of Z180™ plus ESCC 16/32-Bit MPU 
1 Mbyte MMU f = Counter/Timer Circuit (2 Channels of 285230 with 32-Bit Internal 32-Bit Datapaths and ALU 
m 2DMAs m 161/0 Lines CRC Not Available for 16 MHz) 2 Clocks/Cycle Instruction Execution 
m 2UARTs with Baud Rate Generators J m Emulation Mode m 16550 MIMIC up to 4 Gbytes of Linear Addressing 
m C/Serial 1/0 Port Oscillator m@ 24 Parallel 1/0 Enhanced Instruction Set 
m 285180 Includes; m@ Emulation Mode 4 Banks of On-Chip Register Files 
— Power-Down } m@ = 3.3V and SV Version Object-Code Compatible with Z80/Z180 
— Programmable EMI | Microprocessors up to 6 Programmable 
— Divide-By-One Memory Chip Selects 
Clock Option 3.3V and 5V Version 
3.3V and 5V Version 
| 64-Pin DIP | 100-Pin QFP } 100-Pin QFP {00-Pin QFP 


68-Pin PLCC 
| 80-Pin QFP 


100-Pin VOFP 


Z8038000ZCO - Evaluation Board 
ZEPMIP00003 - EPM™ Manual 


28018200ZCO - Evaluation Board 
ZEPMIP00002 - EPM™ Manual 


28018100ZCO - Evaluation Board 

Z8018100ZDP - Adaptor Kit 

Z28018101ZC0* - Evaluation Board 

* Includes LLAP software that can be 

licensed (280181 ZA6). 
ZEPMIPO0001- EPM Manual 


| 78S18000ZCO - Evaluation Board 
} ZEPMIPO0001 - EPM™ Manual 


SUPPORT 
Propucts 


= 


(8 2iLCIS Mopem/Fax nee : aaa - Sureniresnarion™ Propucts Guine 


Address] Window | P 
Decoder] Decoder] E 
BI Five Config 
: Registers 
art Bus 
(16-Bit 
Attnbute Memory 
(256 Bytes) 


256 BYTES|512 mr 
RAM RAM 
qEaES 


4K Sa 
a $]512 WORD 


rP—OBOov 


feat 


Z8® with 24 Kbyte ROM | fa 78 with 64K External Memory 256 Bytes of Attribute Memory 
16-Bit DSP with 4K Word ROM ) fa DSP with 4K Word ROM Five Configuration Registers 
8-Bit A/D | f 8-Bit A/D EEPROM Sequencer or SPI Interface 
10-Bit D/A (PWM) | & 10-Bit D/A PCMCIA to 1/0, Memory or Both 
Library of Macros | && Library of Macros PCMCIA to ATA/IDE 

16-Bit 1/0 Port 47 \/0 Pins | & 471/0Pins | ATAJIDE to ATA/IDE 

74 Instructions | Two Comparators Independent Z8® # E Two Comparators Independent Z8® 3.0V to 5.5V Operation 

Most Single Cycle and DSP Operations Power-Down | and DSP Operations Power-Down 8- or 16-Bit Peripheral Support 
Two Conditional Branch Inputs, | Mode Mode 

Two User Outputs 

Library of Macros 

Zero Overhead Pointers 


[Feuns | 16-Bit Multiply/Accumulate 
I 75 ns 
Two Data RAMs (256 Words each) 
4K Word ROM 
64Kx16 Ext. ROM 


see 


OOOPRMABAA 


mo 


100-Pin VOFP 


SUPPORT : Z89CO000ZEM - Emulator | 789C6501ZEM - Emulator | Z89C6501ZEM - Emulator Z8601700ZCO - Evaluation Board 
t Propucts | 289C0000ZCC - Emulator | Z89C6500ZDP - Emulator } 289C6500ZDB - Emulator 


VL-S 


| SUPPORT 


| Propucts 


1 284015 = CMOS: 6, 10 MHz 
1 Z84C15 = CMOS: 16 MHz 


| 100-Pin QFP 
1 100-Pin VOFP 


1 784C1500ZCO - Evaluation Board 


i Enhanced Intelligent 


Peripheral Controller 


fm 280° CPU, Serial Input/Output (S10) 
7 Counter/Timer Circuit (CTC) 
7 Watch-Dog Timer (WDT) 


Clock Generator Circuit (CGC) 
fl Four Power-Down Modes 
Z84C015 Enhancements Include: 

@ Power-On Reset 

Two Chip Selects 

32-Bit CRC 

Hl Wait State Generator (WSG) 
Evaluation Mode 


s High-Performance Z80® CPU 

s with Peripherals 

| Z8S180 = Static Version 
 78L180 = Low-Voltage Version 


! 780180 = CMOS: 6, 8, 10, MHz 
7 78S180 = CMOS: 16 MHz 
i Z8L180 = CMOS: 20, 33 MHz 


1 el Enhanced Z80® CPU 


1 Mbyte MMU 


a 2DMAs 
| & 2UARTs with Baud Rate Generators | 
= C/Serial 1/0 Port Oscillator 


78S180 Includes; 


— Power Down 

— Programmable EMI 
— Divide-By-One 

— Clock Option 

— 3.3V and 5V Version 


7 64-Pin DIP 
s 68-Pin PLCC 
i 80-Pin QFP 


§ Z8S18000ZC0 - Evaluation Board 


ZEPMIP00001- EPM™ Manual 


ESCC | 16550 


(2 CH)| MIMIC 


| Zilog Intelligent Peripheral (ZIP™) 
Z8L182 = Low-Voltage Version 


f 280182 = CMOS: 16, 18, 33 MHz 
| 28L182 = CMOS: 20 MHz 


| mi Static Version of 2180" plus ESCC 


(Two Channels of 285230 with 
32-Bit CRC Not Available 
for 16 MHz) 


sf 16550 MIMIC 

24 Parallel 1/0 

7 & Emulation Mode 

1 @ 3.3V and 5V Version 


100-Pin QFP 


100-Pin VOFP 


§ Z8018200ZCO - Evaluation Board 


ZEPMIP00002 - EPM™ Manual 


 Superintecration™ Prooucts Guioe 


FIFO | FIFO 


; Pant NumBer | 284015/284015 | 280180/28S180/28L180 | 280182/Z8L182 pms 
) Enhanced Serial | 
| Communication Controller 


CMOS: 8, 10,16, 20 MHz 


| @ Full Dual-Channel 
/ & SCC Plus Deeper FIFOs: 
— 4 Bytes on Transceivers 
— §8 Bytes on Receivers 

wm DPLL Counter Per Channel 
Software Compatible to SCC 


40-Pin DIP 
44-Pin PLCC 


78518000ZCO - Evaluation Board 
Z8038000ZCO - Evaluation Board 
78523000ZCO - Evaluation Board 
Z8018600ZCO - Evaluation Board 
ZEPMDC00002 - EPM™ Manual 


SlL-S 
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UPERINTEGRATION PRopucts GuIDE 


Ea 


FIFO | FIFO 


| Pant NumBer | z8030/z80030 | 785230/280230 | | za5ce0 
| 78530/285030 | 285233 : 


| SCSCI Serial Communication 


# DESCRIPTION | Serial Communication Controller | Enhanced Serial Communication Controller 

: | 28030/Z80030 = Multiplexed Bus 1 28230/Z80230 = Dual Channel i and Small Computer Interface 
i | 28530/Z85C30 = Non-Multiplexed Bus 285233 = Single Channel | 

1 PROCESS/SPEED | 28030/28530=NMOS: 4,6,8MHz || CMOS: 10, 1620 MHz | CMOS: 10, 16 MHz 
: | Z80C30/Z85C30 = CMOS: 8,10 16 MHz | 

| Clock: 2, 2.5, 4 Mb/s 


Clock: 2.5, 4.0, 5.0 Mb/s i Clock: 2.5, 4.0 Mb/s 
FEATURES 1 Two Independent Full-Duplex 
: | — Channels 
| f2 Enhanced DMA Support: 
: 10x19 Status FIFO 


Integrated Serial 
Communication Controller 


| CMOS: 10, 16 MHz 
| Clock: 2.5 Mb/s 


; Two Independent Full-Duplex Channels & 

| B Direct SCSI Bus Interface : 

| & Supports SCSI ANSI-X3.131-1986 
Standard 


| tt Full Dual-Channel SCC 
| fi Four DMA Controllers 
| & Bus Interface Unit 


1 2 Full Dual-Channel SCC Plus Deeper 
FIFOs: 

~ 4 Bytes on Transmitters 
— 8 Bytes on Receivers 

| & DPLL Counter Per Channel 
[4 Software Compatible to SCC 


14-Bit Byte Counter 
&3 ~NRZ/NRZI/FM Encoding Modes 


Bie SS TA IR aE DEL e IE OLE ame 


| 68-Pin PLCC | 68-Pin PLCC 
| 100-Pin VOFP 


| 40-Pin DIP 
| 44-Pin PLCC 
| 44-Pin OFP (285233 Only) 


| PACKAGE | 40-Pin DIP 
| 44-Pin CERDIP 
| | 44-Pin PLCC 


SUPPORT 
PRODUCTS 


RBIRP PRESS NEN 


+ 2Z8018600ZCO - Evaluation Board 7 ZEPMD00002 - EPM™ Manual 
} 28518000ZCO - Evaluation Board 

4 Z8038000ZCO - Evaluation Board 
1 28523000ZCO - Evaluation Board 


/ ZEPMDC00002 - EPM™ Manual 


1 Z8018600ZC0 - Evaluation Board 
| 28523000ZC0 - Evaluation Board 
| 28018100ZCO - Evaluation Board 
 ZEPMD000002 - EPM™ Manual 


| 78018600ZCO - Evaluation Board 


ESAS ce REG eM EE STARE POR RE IE IE RNIN File SR MALE Setlal 
d 
4 


/ 
é 
i 


~ SUPERINTEGRATION” ' Propucts Guipe 


mem i 


DMA 
| & Two Dual-Channel 32-Byte Receive 
ig 16 1/0 Lines | ESCC (2 Channels of 285230 | and Transmit FIFOs 
| @ Emulation Mode | with 32-Bit CRC not Available for | @ 16-Bit Bus B/W:18.2 Mb/s 
16 MHz) ! & Two BRGs Per Channel 

a 16550 MIMIC | Flexible 8/16-Bit Bus Interface 

a 24 Parallel 1/0 1 es 12 Serial Protocols 

~% Emulation Mode Eight Data Encoding Bits 

ea = 3.3V and SV Version 


| Buock 
| DiacRAM 


85230] 16550 
5S) MIMIC] 


3] 


| Integrated Universal 


f Zilog Intelligent Peripheral (ZIP™) Serial Controll 
| Serial Controller 


Z80L182 = Low-Voltage Version 


m= Single-Channel (Half of USC) 
plus two DMA Controllers 
} @ Array Chained and Linked-List Modes 
with Ring Buffer Support 


| PACKAGE 100-Pin QFP | 100-Pin QFP | 68-Pin PLCC 68-Pin PLCC 
; 1 100-Pin VOFP | | 


| Z16C3200ZCO - Evaluation Board 
Z8018600ZC0 - Evaluation Board 
ZEPMDC00001 - USC® EPM™ Manual 


¥ Z716C3001ZC0 - Evaluation Board 
; Z8018600ZC0 - Evaluation Board 
j ZEPMDC00001 - EPM™ Manual 


| 78018200ZCO - Evaluation Board 
7EPMIPO0002 - EPM™ Manual 


| SUPPORT 
Propucts 


28018100ZC0 - Evaluation Board 
28018100ZDP - Adaptor Kit 
280181012C0* - Evaluation Board 
ZEPMIP00001 - EPM™ Manual 

| * Includes LLAP software that can be 


licensed (280181 ZA6) 


A 2iLas Mass Sronace 


| Biock — Flare 
DIAGRAM : | : | : 


Ce o_o 


j DescriPrion ROMLess Z8® | 796621 = 8K OTP 16-Bit Digital Signal Processor ROMLess Enhanced Z8® Mult/Div | 

| 286021 = 8K ROM 

Process/SpPeep Z86C91 = CMOS: 16 MHz CMOS: 12, 16 MHz CMOS: 10, 15 MHz CMOS: 20, 25, 33 MHz 
Z8691 = NMOS: 12 MHz 


: 1 Bi Full-Duplex UART : E) 256 Byte RAM 1 & 16-Bit Multiply/Accumulate m 16x16 Multiply 17 Clocks 
| | @ Two Standby Modes | Full-Duplex UART | 75 ns @ 32x16 Divide 20 Clocks 
} (STOP and HALT) | & Two Standby Modes 2 Two Data RAMs (256 Words Each) m@ Full-Duplex UART 
: | 2x8 Bit (STOP and HALT) a 4K Word ROM m Two Standby Modes (STOP and HALT) 
7 Counter/Timer | & Two Counter/Timers | & 64Kx16 Ext. ROM m Three 16-Bit Counter/Timers 
| 7 | & ROM Protect Option | & 16-Bit I/O Port 
: | al RAM Protect Option | & 74 Instructions 
, Low-EMI Option | Most Single Cycle 
, : | © Two Conditional Branch Inputs, 
, | ; | Two User Outputs 
: | © Library of Macros 
: | | & Zero Overhead Pointers 


BAO 
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PACKAGE | 40-Pin DIP | 40-Pin DIP | 40-Pin DIP 
| | 44-Pin PLCC | 44-Pin PLCC | pepe 
: | 44-Pin OFP | 44-Pin OFP 44-Pin OFP 


SuPPORT 
Propucts 


f 20860000ZC0 - Evaluation Board | Z0860000ZCO - Evaluation Board | Z89CO0ZEM - Emulator 20860000ZCO - Evaluation Board 

1 Z86CO000ZUSP064 - Signum Emulator | Z86CO000ZUSP064 - Signum Emulator | 286C0000ZUSP064 - Signum Emulator 
s Z86C1200ZPD - Signum Emulator Pod § Z86C1200ZPD - Signum Emulator Pod = § 28600001 ZUSP064 - Signum Emulator 
: 286C9300ZPD - Signum Emulator Pod 


Z86C9301ZPD - Signum Emulator Pod 


Ye 
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SILC Mass Storace 


| Buock | 
DIAGRAM : 


a 


88-BIT 
R-S 
ECC 


SRAM/ 
DRAM 
CTRL 


- SUPERINTEGRATION” Propucts Guipe ~ 


DESCRIPTION 1 ROMLess Enhanced Z8° with DSP | Zilog Datapath Controller ROMLess Enhanced Z8® Multiply/Divide 
| Process/Speep } cmos: 24, 33 MHz CMOS: 40 MHz 


PACKAGE | 


1 SUPPORT 
| Propucts 


Eight Channel 

8-Bit ADC 

8-Bit DAC 

16-Bit Multiply/Divide 
Full-Duplex UART 

Serial Peripheral Interface (SPI) 
Three Standby Modes 
(STOP/HALT/PAUSE) 

Pulse Width Modulator (PWM) 
3x16-Bit Timer 

16-Bit DSP Slave Processor 
83 ns Multiply/Accumulate 


80-Pin OFP 
84-Pin PLCC 
100-Pin VOFP 


Z8609500ZCO - Evaluation Board 
Z86C9500ZUSP064 - Signum Emulator 


 Z86C9501ZUSP064 - Signum Emulator 
f Z86C9500ZPD - Signum Emulator POD 


Z86C9501ZPD - Signum Emulator POD 


# Z86ZIA00ZCO - Evaluation Board 


Full-Track Read 
Automatic Data Transfer (Point & Go®) 


Full AT/IDE Bus Interface 

64 Kbytes SRAM Buffer 

1 Mbytes DRAM Buffer 

Split Data Field Support 

Joint Test Action Group (JTAG) 
Boundary Scan Option 


1 100-Pin VOFP 


Z86C99002ZCO - Evaluation Board 


88-Bit Reed Solomon ECC “On The Fly" 


CMOS: 40 MHz 


16x16 Multiply 17 Clocks 

32x16 Divide 38 Clocks 

Full-Duplex UART 

Two Standby Modes (STOP & HALT) 
Three 16-Bit Counter/Timers 
SEARCH Machine 

MERGE Machine 

Bus Request Mode 

Evaluation Mode 


8 Kbytes Buffer RAM Reserved for MCU | 


| 64-Pin VOFP 


78619200ZME - Emulator 
28619300ZCO - Evaluation Board 


| ROMLess Enhanced Z8® DSP Servo Timer | 
CMOS: 40 MHz | 


Eight Channel 

8-Bit ADC 

8-Bit DAC 

Serial Peripheral Interface (SPI) 
Pulse Width Modulator (PWM) 
Three 16-Bit Counter/Timer 
Full-Duplex UART 

16-Bit Z8® Multiply/Divide 
Full 16-Bit DSP 
Programmable Servo Timer 
78® - DSP Mail Box 


100-Pin VOFP 
144-Pin QFP 


786Z1A01ZCO - Evaluation Board 


ON SiLCQS Bus INTERFACE 


SUPERINTEGRATION” Propucts GuiIDE 


Biock 
DIAGRAM 


Address] Window 
Decoder# Decoder 
B | Five Config. 
u 
Peripheral Bus 
(8-Bit) 
aoe Held 


P—OfOw 
naw 


rePpuomrv—omvU 


Address | Window 
Decoder | Decoder 


P 
CBI Five Config. 
Hs U Registers 
S 
| 
Ta ron 
56 Bytes) 


rPYPuoumrve—omv 
now 


Address | Window 

" Decoder} Decoder } E 
CB Five Config. 

S . 

| Pr Cle BER Bus 
A 

ay Tey 

Bytes) 


2 DMA [2 128 Byte 
Channels} FIFOs 


PCI Configuration 
Registers 


81/0 
Map Ranges 
Arbitration Logic 


ieee mable 
Interrup ieee 


PCMCIA Interface Adaptor 


8-Bit PCMCIA 
Interface Adaptor 


DESCRIPTION 


PCMCIA Interface ae 


PCY/Multtunction Bridge 


| Process/Sreep CMOS: 20 MHz CMOS: 20 MHz CMOS: 20 MHz CMOS: 33 MHz 


mw 286017 with 8-Bit 
Peripheral Bus Only 


| PACKAGE 48-Pin VOFP 


64-Pin VOFP 


28601600ZCO - Evaluation Board 
(Available 0494) 


| Support 
| Propucts 


1 Z8601700ZCO -Evaluation Board 


m 256 Bytes of Attribute Memory 

m Five Configuration Registers 

m EEPROM Sequencer or SPI 
Interface 

m PCMCIA to I/0, Memory or Both 

m PCMCIA to ATA/IDE 

m ATA/IDE to ATA/IDE 

m 3.0V to 5.5V Operation 

m 8- or 16-Bit Peripheral Support 


100-Pin VOFP 


m Mirror Image Pin-Out of 786017 for 
Opposite PCB - Surface Layout 


1 100-Pin VOFP 


28601700ZCO - Evaluation Board 


m 256 Bytes of Configuration Memory 

64 PCI Configuration Registers 

Eight Programmable Memory or I/O Map 
Ranges with Independent Timing Control! 
128 Byte FIFO's 

Two Full Featured DMA Channels 

PCI Initiator/Target Operations 

On-Chip Peripheral Bus Arbitration 


160-Pin QFP 


Available 0494 
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Literature Guide cL 


A DILAS LITERATURE GUIDE 


Z8® MICROCONTROLLERS - CONSUMER FAMILY OF PRODUCTS 
Databooks By Market Niche Part No Unit Cost 


Z8® Microcontrollers Databook DC-8305-02 $ 5.00 


Product Specifications 
Z86C07 CMOS Z8 8-Bit Microcontroller 
| Z86C08 CMOS Z8 8-Bit Microcontroller 
Z86E08 CMOS 28 8-Bit OTP Microcontroller 
Z86C11 CMOS Z8 Microcontroller 
286012 CMOS Z8 In-Circuit Microcontroller Emulator 
Z86C21 8K ROM Z8 CMOS Microcontroller 
Z86E21 CMOS Z8 8K OTP Microcontroller 
Z86C61/62/96 CMOS Z8 Microcontroller 
Z86063/64 32K ROM Z8 CMOS Microcontroller 
Z86C091 CMOS Z8 ROMless Microcontroller 
286093 CMOS Z8 Multiply/Divide Microcontroller 
Support Product Specifications 
Z0860000ZC0O Development Kit 
Z86C0800ZCO Applications Board 
Z86C0800ZDP Adaptor Board 
Z86E2100ZDF Adaptor Kit 
Z86E2100ZDP Adaptor Kit 
Z86E2100ZDV Adaptor Kit 
Z86E2100ZDV Adaptor Kit 
Z86E2101ZDF Conversion Kit 
Z86E2101ZDV Conversion Kit 
Z86C6100TSC Z86C61/63 MCU OTP Emulation Board 
Z86C6200ZEM In-Circuit Emulator 
Z86C1200ZEM Z8® In-Circuit Emulator -C12 
Z8® S Series Emulators, Base Units and Pods 
Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Guide 
Third Party Support Vendors 
Zilog's Sales Offices, Representatives and Distributors 


Infrared Remote (IR) Controllers Databook DC-8301-04 $ 5.00 


Product Specifications 
Z86L06 Low Voltage CMOS Consumer Controller Processor (Preliminary) 
Z86L29 6K Infrared (IR) Remote (ZIRC™) Controller (Advance Information) 
Z86L70/L71/L72/L75/L76 Zilog IR (ZIRC™) CCP™ Controller Family (Preliminary) 
Z86E72/E73/E74 Zilog IR (ZIRC™) CCP™ Controller Family (Preliminary) 
Application Note 
Beyond the 3 Volt Limit 
Support Product Specifications 
Z86L/100ZDB Emulator Board 
Z86L7100ZEM ICEBOX™ In-Circuit Emulator Board 
Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Ordering Guide 
Zilog's Sales Offices, Representatives and Distributors 
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Asics LITERATURE GUIDE 


Z8® MICROCONTROLLERS - CONSUMER FAMILY OF PRODUCTS 
Databooks By Market Niche Part No 


Discrete Z8® Microcontrollers DC 8318-01 


Product Specifications 
286C03/C06 CMOS Z8® 8-Bit Microcontroller 
Z86E03/E06 CMOS Z8® 8-Bit OTP Microcontroller 
786C04/C08 CMOS Z8® 8-Bit Low Cost 1K/2K ROM Microcontroller 
786E04/E08 CMOS Z8® OTP Microcontroller 
286C07 CMOS Z8® 8-Bit Microcontroller 
Z86E07 CMOS Z8® 8-Bit OTP Microcontroller 
286030 and 286031 CMOS Z8® 8-Bit Microcontroller 
Z86E30 and Z86E31 CMOS Z8® 8-Bit OTP Microcontroller 
286040 CMOS Z8® 8-Bit CCP™ Microcontroller 
Z86E40 CMOS Z8® OTP CCP™ Microcontroller 
Support Product Specifications and Third Party Vendors 
286C0800ZC0 Applications Board 
286C0800ZDP Adaptor Board 
Z86E0600ZDP Conversion Kit 
Z86E3000ZDP Adaptor Kit 
Z86E4000ZDF Adaptor Kit 
Z86E4000ZDP Adaptor Kit 
Z86E4000ZDV Adaptor Kit 
286E4001ZDF Conversion Kit 
Z86E4001ZDV Conversion Kit 
Z86CCPOOZAC Emulator Accessory Kit 
Z86CCPOOZEM In-Circuit Emulator 
Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Guide and Ordering Information 
Zilog's Sales Offices, Representatives and Distributors 


Digital Television Controllers DC-8308-01 


Product Specifications 
289300 Series Digital Television Controller 
286027/97 CMOS Z8® Digital Signal Processor 
286047/E47 CMOS Z8® Digital Signal Processor 
286127 Low Cost Digital Television Controller 
786128/228 Line 21 Closed- ee Controller (L21C™) 
286227 40-Pin Low Cost (4LDTC™) Digital Teen Controller 
Support Product Specifications 
Z8602700ZCO Application Kit 
28602700ZDB Emulation Board 
28602702ZEM In-Circuit Emulator 
Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Guide and Ordering Information 
Zilog's Sales Offices, Representatives and Distributors 


Unit Cost 
$ 5.00 


$5.00 
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A SiLas LITERATURE GUIDE 


Z8® MICROCONTROLLERS - CONSUMER FAMILY OF PRODUCTS 


Databooks By Market Niche Part No Unit Cost 
Telephone Answering Device Databook DC-8300-02 $ 5.00 


Product Specifications 
289065, Z89C66 (ROMless) Dual Processor T.A.M. Controller (Preliminary) 
289C67, Z89C68/C69 (ROMless) Dual Processor Tapeless T.A.M. Controller (Preliminary) 
Development Guides 
289065 Software Development Guide 
289C67/C69 Software Development Guide 
Technical Notes 
Using Samsung KT8554 Codec on the ZTAD Development Board 
Z89C67/C69 Design Guidelines 
289C67/C69 ARAM Bit-Rate Measurements 
Z89C67 Codec Interfacing (Preliminary) 
Controlling the Out -5V and Codec Clock Signals for Low-Power Halt Mode 
Support Product Specifications 
Z89C5900ZEM Emulation Module 
Z89C6500ZDB Emulation Board 
289C06501ZEM ICEBOX™ In-Circuit Emulator 
Z89C6700ZDB Emulator Board 
Z89C6700ZEM ICEBOX™ Emulator Board 
Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Ordering Guide 
Zilog's Sales Offices, Representatives and Distributors 
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AZ LITERATURE GUIDE 


Z8® MICROCONTROLLERS - PERIPHERALS MULTIMEDIA FAMILY OF PRODUCTS 
Databooks By Market Niche Part No Unit Cost 


Digital Signal Processor Databook DC-8299-04 $ 5.00 

Product Specifications 

289321/371 16-Bit Digital Signal Processor (Preliminary) 

289C00 16-Bit Digital Signal Processor (Preliminary) 

289320 16-Bit Digital Signal Processor (Preliminary) 

286095 Z8® Digital Signal Processor (Preliminary) 

289120, Z89920 (ROMless) 16-Bit Mixed Signal Processor (Preliminary) 

289121, 289921 (ROMless) 16-Bit Mixed Signal Processor (Preliminary) 
Application Note 

Using the 289371/321 CODEC Interface 

289371 Inter Processor Communication 

Understanding Q15 Two's Complement Fractional Multiplication (Z89C00 DSP) 
Support Product Specifications 

28937100ZEM In-Circuit Emulator -C00 

28937100TSC Emulation Module 

Z89C0000ZAS Z89C00 Assembler, Linker and Librarian 

Z89C0000ZCC Z89C00 C Cross Compiler 

Z89CO000ZEM In-Circuit Emulator -C00 

Z89COO00ZHP Logic Analyzer Adaptor Board 

Z89C0000ZSD Z89C00 Simulator/Debugger 

Z89C0000ZTR Z89C00 Translator 
Additional Information 

Zilog's Superintegration™ Products Guide 

Literature Guide and Third Party Support 

Zilog's Sales Offices, Representatives and Distributors 


78® MICROCONTROLLERS - PERIPHERALS MULTIMEDIA FAMILY OF PRODUCTS 


Jatabooks By Market Niche Part No Unit Cost 
Ceyboard/Mouse/Pointing Devices Databook DC-8304-00 $ 5.00 


Product Specifications 
28602 NMOS Z8® 8-Bit Keyboard Controller 
28614 NMOS Z8® 8-Bit Keyboard Controller 
28615 NMOS Z8® 8-Bit Keyboard Controller 
Z86E23 Z8® 8-Bit Keyboard Controller with 8K OTP 
286004 CMOS 28° 8-Bit Microcontroller 
286008 CMOS Z8® 8-Bit Microcontroller 
288017 CMOS Z8® 8-Bit Microcontroller 
Additional Information 
Zilog's Superintegration™ Products Guide 


Literature Guide 
1C Audio Databook DC-8317-00 $ 5.00 


Product Specifications 
Z86321 Digital Audio Processor (Preliminary) 
289320 16-Bit Digital Signal Processor (Preliminary) 
289321/371 16-Bit Digital Signal Processor (Preliminary) 
289331 16-Bit PC ISA Bus Interface (Advance Information) 
289341/42/43 Wave Synthesis Chip Set (Advance Information) 
25380 Small Computer System Interface 

Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Guide 


acids —_—___LITERATURE GUIDE 


Z8® MICROCONTROLLERS - PERIPHERALS MEMORY FAMILY OF PRODUCTS 
Databooks By Market Niche Part No Unit Cost 


Mass Storage Solutions DC-8303-01 $ 5.00 


Product Specifications 
286021 8K ROM Z8 CMOS Microcontroller 
Z86E21 CMOS Z8 8K OTP Microcontroller 
286091 CMOS Z8 ROMless Microcontroller 
Z86C93 CMOS Z8 Multiply/Divide Microcontroller 
286095 Z8 Digital Signal Processor 
286018 Data Path Controller 
Z89C00 16-Bit Digital Signal Processor 
Application Note 
Understanding Q15 Two's Complement Fractional Multiplication (Z89C00 DSP) 
Support Product Specifications 
Z8060000ZCO Development Kit 
Z86C1200ZEM In-Circuit Emulator 
Z86E2100ZDF Adaptor Kit 
Z86E2100ZDP Adaptor Kit 
Z86E2100ZDV Adaptor Kit 
Z86E2101ZDF Conversion Kit 
Z86E2101ZDV Conversion Kit 
Z86C9300ZEM ICEBOX™ Emulator 
Z86C09500ZCO Evaluation Board 
Z8® S Series Emulators, Base Units and Pods 
Z89CQ000ZAS Z89C00 Assembler, Linker and Librarian 
Z89C0000ZCC 289000 C Cross Compiler 
Z89CO000ZEM In-Circuit Emulator -C00 
Z89C0000ZSD Z89C00 Simulator/Debugger 
ZPCMCIAOZDP PCMCIA Extender Card 
Additional Information 
Zilog's Superintegration™ Products Guide 
Zilog's Literature Guide 
Zilog's Sales Offices, Representatives and Distributors 
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4 
Z8® MICROCONTROLLERS LITERATURE (Continued) 
Technical Manuals and Users Guides 


28® Microcontrollers Technical Manual 

286018 Preliminary User's Manual 

Digital TV Controller User's Manual 

Z89C00 16-Bit Digital Signal Processor User's Manual/DSP Software Manual 
286095 16-Bit Digital Signal Processor User Manual 

286017 PCMCIA Adaptor Chip User's Manual and Databook 

PLC Z89C00 Cross Development Tools Brochure 


Z8® Application Notes 


The Z8 MCU Dual Analog Comparator 

28 eae for 1/0 Port Expansions 

286E21 Z8 Low Cost Thermal Printer 

Zilog Family On-Chip Oscillator Design 

Using the Zilog 286C06 SPI Bus 

Interfacing LCDs to the 28 

X-10 Compatible Infrared UR) Remote Control 

286017 In-Mouse Applications 

286040/E40 MCU Applications Evaluation Board__ 

286C08/C17 Controls A Scrolling LED Message Display 

286095 Hard Disk Controller Flash EPROM Interface . 

Three Z8® Applications Notes: Timekeeping with 28; DTMF Tone Generation; 
Serial Communication Using the CCP Software UART 


Part No. 


DC-8291-02 
DC-8296-00 
DC-8284-01 
DC-8294-02 
DC-8595-00 
DC-8298-03 
DC-5538-01 


Part No 
DC-2516-01 


DO-2592-01 
DC-2591-01 


DC-2605-01 
DC-2639-01 
DC-2645-01 


LITERATURE GUIDE 


Unit Cost 
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Z80°/Z8000® DATACOMMUNICATIONS FAMILY OF PRODUCTS 


Databooks By Market Niche Part No 


High-Speed Serial Communication Controllers DC-8314-00 
Product Specifications 
Z16C30 CMOS Universal Serial Controller (USC™) (Preliminary) 
216C32 Integrated Universal Serial Controller (IUSC™) (Preliminary) 
Application Notes 
Using the Z16C30 Universal Serial Controller with MIL-STD-1553B 
Design a Serial Board to Handle Multiple Protocols 
Datacommunications |USC"/MUSC™ Time Slot Assigner 
Support Products 
Z1603001ZC0 Evaluation Board Product Specification 
28018600ZC0 Evaluation Board Product Specification 
Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Guide 
Third Party Support Vendors 


Serial Communication Controllers DC-8316-00 
Product Specifications 
28030/28530 Z-Bus® SCC Serial Communication Controller 
280030/Z85C30 CMOS Z-Bus® SCC Serial Communication Controller 
280230 Z-Bus® ESCC™ Enhanced Serial Communication Controller (Preliminary) 
285230 ESCC™ Enhanced Serial Communication Controller 
285233 EMSCC™ Enhanced Mono Serial Communication Controller 
Z85C80 SCSCI™ Serial Communications and Small Computer Interface 
216035/Z85C35 CMOS ISCC™ Integrated Serial Communications Controller 
Application Notes 
Interfacing Z8500 Peripherals to the 68000 
SCC in Binary Synchronous Communications 
Zilog SCC Z8030/Z8530 Questions and Answers 
Integrating Serial Data and SCSI Peripheral Control on One Chip 
Zilog ISCC™ Controller Questions and Answers 
Boost Your System Performance Using the Zilog ESCC™ 
Zilog ESCC™ Controller Questions and Answers 
The Zilog Datacom Family with the 80186 CPU 
On-Chip Oscillator Design 
Support Products 
285180002ZC0 Evaluation Board Product Specification 
28523000ZC0 Evaluation Board Product Specification 
28018600ZC0 Evaluation Board Product Specification 
ZEPMDC00002 Electronic Programmer's Manual Software 
Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Guide 


Unit Cost 
5.00 


5.00 
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Z80°/Z8000® DATACOMMUNICATIONS FAMILY OF PRODUCTS 


Databooks Part No Unit Cost 
Z80 Family Databook DC-8321-00 5.00 
Discrete Z80° Family 


28400/CO0 NMOS/CMOS Z80® CPU Product Specification 

28410/C10 NMOS/CMOS Z80 DMA Product Specification 

Z8420/C20 NMOS/CMOS Z80 PIO Product Specification 

28430/C30 NMOS/CMOS Z80 CTC Product Specification 

28440/C40 NMOS/CMOS Z80 SIO Product Specification 
Embedded Controllers 

Z84C01 Z80 CPU with CGC Product Specification 

28470 Z80 DART Product Specification 

284090 CMOS Z80 KIO™ Product Specification 

284013/015 284013/C15 IPC/EIPC Product Specification 
Application Notes and Technical Articles 

Z80® Family Interrupt Structure 

Using the Z80® S10 with SDLC 

Using the Z80® SIO in Asynchronous Communications 

Binary Synchronous Communication Using the Z80® SIO 

Serial Communication with the Z80A DART 

Interfacing Z80® CPUs to the 28500 Peripheral Family 

Timing in an Interrupt-Based System with the Z80® CTC 

A Z80-Based System Using the DMA with the SIO 

Using the Z84C11/C013/C15 in Place of the Z84011/013/015 

On-Chip Oscillator Design 

A Fast Z80® Embedded Controller 

280® Questions and Answers 
Additional Information 

Zilog's Superintegration™ Products Guide 

Literature Guide 

Third Party Support Vendors 

Zilog's Sales Offices, Representatives and Distributors 


L-9 


Aes  —S__LITERATURE GUIDE 


Z80°/Z8000® DATACOMMUNICATIONS FAMILY OF PRODUCTS 
Databooks 


Z180™ Microprocessors and Peripherals Databook 
Product Specifications 
280180/Z8S180/Z8L180 Z180™ Microprocessor 
280181 Z181™ Smart Access Controller (SAC™) 
280182/Z8L182 Zilog Intelligent Peripheral Controller (ZIP™) 
Application Notes and Technical Articles 
2180” Questions and Answers 
2180"/SCC Serial Communication Controller Interface at 10 MHz 
Interfacing Memory and |/0 to the 20 MHz 285180 System 
Break Detection on the Z80180 and Z181™ 
2182 Programming the MIMIC Autoecho ECHOZ182 Sample Code 
Local Talk Link Access Protocol Using the 280181 
Support Products 
28518000ZCO Evaluation Board 
28018100ZC0 Evaluation Board 
28018101ZC0 Evaluation Board 
78018101ZA6 Driver Software 
28018100ZDP Adaptor Board 
28018200ZC0 Evaluation Board 
280® and Z80180 Hardware and Software Support 
Third Party Support Vendors 
Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Guide 
Zilog's Sales Offices, Representatives and Distributors 
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Part No 
DC-8322-00 


| 
Unit Cost | 
5.00 


A SiLas 


Databooks and User's Manuals 


28000 Family of Products 
28000 Family Databook 
Zilog's Z8000 Family Architecture 
28001/28002 28000 CPU Product Specification 
28016 Z8000 Z-DTC Product Specification 
28036 Z8000 Z-C10 Product Specification 
28536 ClO Counter/Timer and Parallel I/O Unit Product Specification 


28038/Z8538 FIO FIFO Input/Output Interface Unit Product Specification 


Z8060/2Z8560 FIFO Buffer Unit 

28581 Clock Generator and Controller Product Specification 
User's Manuals 

Z8000 CPU Central Processing Unit User's Manual 

28010 Memory Management Unit (MMU) User's Manual 


28036 2-C10/28536 ClO Counter/Timer and Parallel Input/Output User's Manual 


28038 28000 Z-FIO FIFO Input/Output Interface User's Manual 
28000 Application Notes and Military Products 
Application Notes 
Using SCC with 28000 in SDLC Protocol! 
SCC in Binary Synchronous Communication 
Zilog's Military Products Overview 
Additional Information 
Zilog's Superintegration™ Products Guide 
Literature Guide 
Zilog's Sales Offices, Representatives and Distributors 


780 Family Technical Manual 

780180 2180 MPU Microprocessor Unit Technical Manual 

7280 MPU Microprocessor Unit Technical Manual 

7380™ Preliminary Product Specification 

7380™ User's Manual 

7NW2000 User's Manual for PC WAN Adaptor Board Development Kit 


3CC Serial Communication Controller User's Manual 

tigh-Speed SCC, Z16C30 USC User's Manual 

jigh-Speed SCC, 216032 IUSC User's Manual 

716C35 ISCC Integrated Serial Communication Controller Technical Manual 
716035 ISCC Integrated Serial Communication Controller Addendum 


Part No 
DC-8319-00 


DC-8309-00 
DC-8276-04 
DC-8224-03 
DC-6003-03 
DC-8297-03 
DC-8315-00 


DC-8293-02 
DC-8280-04 
DC-8292-02 
DC-8286-01 
DC-8286-01A 


LITERATURE GUIDE 


Z80°/Z8000® DATACOMMUNICATIONS FAMILY OF PRODUCTS 


Unit Cost 
5.00 


9.00 
9.00 
9.00 
N/C 
9.00 
N/C 


9.00 
9.00 
9.00 
9.00 
N/C 
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MILITARY COMPONENTS FAMILY 
Military Product Specifications 


28681 ROMless Microcomputer 

78001/8002 Military Z8000 CPU Central Processing Unit 
28581 Military CGC Clock Generator and Controller 

Z8030 Military Z8000 Z-SCC Serial Communications Controller 
28530 Military SCC Serial Communications Controller 

28036 Military Z8000 Z-ClO Counter/Timer Controller and Parallel 1/0 
28038/8538 Military FIO FIFO Input/Output Interface Unit 
28536 Military ClO Counter/Timer Controller and Parallel 1/0 
28400 Military Z80 CPU Central Processing Unit 

28420 Military PIO Parallel Input/Output Controller 

28430 Military CTC Counter/Timer Circuit 

28440/1/2/4 Z80 SIO Serial Input/Output Controller 
280030/85C30 Military CMOS SCC Serial Communications Controller 
Z84C00 CMOS Z80 CPU Central Processing Unit 

284020 CMOS Z80 PIO Parallel Input/Output 

284030 CMOS 280 CTC Counter/Timer Circuit 

Z84040/1/2/4 CMOS Z80 SIO Serial Input/Output 

216030 CMOS USC Universal Serial Controller (Preliminary) 
Z80180 Z180 MPU Microprocessor Unit 

Z84C90 CMOS KIO Serial/Parallel/Counter Timer (Preliminary) 
285230 ESCC Enhanced Serial Communication Controller 


Part No 


DC-2392-02 
DC-2342-03 
DC-2346-01 
DC-2388-02 
DC-2397-02 
DC-2389-01 
DC-2463-02 
DC-2396-01 
DC-2351-02 
DC-2384-02 
DC-2385-01 
DC-2386-02 
DC-2478-02 
DC-2441-02 
DC-2384-02 
DC-2481-01 
DC-2482-01 
DC-2531-01 
DC-2538-01 
DC-2502-00 
DC-2595-00 


LITERATURE GUIDE 


Unit Cost 


N/C 
N/C 
N/C 
N/C 
N/C 
N/C 


ZILA 


GENERAL LITERATURE 


Catalogs, Handbooks, Product Flyers and Users Guides 


Superintegration Master Selection Guide 1994-1995 
Superintegration Products Guide 
Quality and Reliability Report 


ZIA™ 3.3-5.5V Matched Chip Set for AT Hard Disk Drives Datasheet 


ZIA ZIAOOZCO Disk Drive Development Kit Datasheet 
Zilog Hard Disk Controllers - Z86C93/C95 Datasheet 
Zilog Infrared (IR) Controllers - ZIRC™ Datasheet 
Zilog V. Fast Modem Controller Solutions 

Zilog Digital Signal Processing - 289320 Datasheet 
Zilog Keyboard Controllers Datasheet 

2380" - Next Generation Z80®/Z180™ Datasheet 
Fault Tolerant Z8® Microcontroller Datasheet 

32K ROM Z8® Microcontrollers Datasheet 

Zilog Datacommunications Brochure 

289300 DTC Controller Family Brochure 

Zilog Digital Signal Processing Brochure 

Zilog ASSPs - Partnering With You Product Brochure 
Zilog Wireless Products Datasheet 

Zilog 28604 Cost Efficient Datasheet 

Zilog Chip Carrier Device Packaging Datasheet 

Zilog Database of IR Codes Datasheet 

Zilog PCMCIA Adaptor Chip 286017 Datasheet 

Zilog Television/Video Controllers Datasheet 

Zilog TAD Controllers - Z89C65/C67/C69 Datasheet 
Zilog Z87000 Z-Phone Datasheet 

Zilog 1993 Annual Report 

Zilog 1994 First Quarter Financial Report 


Part No 


DC-5634-00 
DC-5676-00 
DC-8329-00 
DC-5556-01 
DC-5593-01 
DC-5560-01 
DC-5558-01 
DC-5525-02 
DC-5547-01 
DC-5600-01 
DC-5580-02 
DC-5603-01 
DC-5601-01 
DC-5519-00 
DC-5608-01 
DC-5536-02 
DC-5553-01 
DC-5630-00 
DC-5662-00 
DC-5672-00 
DC-5631-00 
DC-5585-01 
DC-5567-01 
DC-5561-02 
DC-5632-00 
DC-1993-AR 
DC-1994-Q1 


Unit Cost 


N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
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ORDERING 
INFORMATION 


Complete the attached literature order form. Be 
sure to enclose the proper payment or supply a 
purchase order. Please reference specific order 
requirements. 


MINIMUM ORDER 
REQUIREMENTS 


Orders under $300.00 must be prepaid by check, 
money order or credit card. Canadian and for- 
eign orders must be accompanied by a cashier's 
check in U.S. dollars, drawn ona correspondent 
U.S. bank only. 

Orders over $300.00 may be submitted with a 
Purchase Order. 


LITERATURE GUIDE 


SHIPMENT 


Orders will be shipped after your check is cashed 
or credit is checked via the most economical 
method. Please allow four weeks for delivery. 


RETURNS ARE NOT ACCEPTED. 


PLEASE PRINT OR TYPE 


NAME PHONE ( : : 
Method of Payment (Check One) 
COMPANY 


_ADDRESS 
CITY. 
PART NUMBER 


A 2iLAS 
210 E. HACIENDA AVE. M/S C1-0 
CAMPBELL, CA 95008-6600 


Phone: (408)370-8016 
Fax:  (408)370-8056 


Signature 


STATE. ZIP 


DOCUMENT TITLE 


Credit Card or Purchase Order # 
Expiration Date 


ADD APPLICABLE SALES TAX (CA ONLY) 
ADD 10% SHIPPING AND HANDLING 


C) Check C1 Money Order 
Credit Card C1 VISA C1 WC CIP.O. (over $300.00) 


oa 


UNIT COST QTY. TOTAL 


SUBTOTAL 


TOTAL | 
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Zilog's Sales Offices 


ZILOG DOMESTIC SALES OFFICES 


AND TECHNICAL CENTERS 

CALIFORNIA 

POOULE crore esi sieveel ace eaneads 818-707-2160 
CAMP DE | esstucssarvsacahieaudvernin sereadenneaasateansacane: 408-370-8120 
FVIIO) canine ssenaraets coernakinsvanvetedeaniadivectusuneetion 714-453-9701 
DEN. WIBGO sv sssissassa apneveinasvernsertencernavanaseensnnvned 619-658-0391 
COLORADO 

BOUIGGF ccractacrecici ersapucayecateisanstuicnn capsasaeaceersacnt 303-494-2905 
FLORIDA 

GIGAIWALGM cst. sanerrnndoredi see saecors euncataeseieaeeiae 813-725-8400 
GEORGIA 

GEN caves octahececiown deve Veudaseaveectedccueexbaterdieussavcives 404-931-4022 
ILLINOIS 

SCM AUD UE Ove oa vein ccciustorencaveancduieercereapuiucarssles: 708-517-8080 
MINNESOTA 

MINCED ONS xo vesscesticth itisvenceesensrtiveeratlieemnenens 612-944-0737 
NEW HAMPSHIRE 

INES A rostvencdocncctomie sa ieaenelosvitecaatedaiackceohexpias 603-888-8590 
OHIO 

IMCS DENG SIG Cx itesciuecanncch cence Gusereicetcpecsncbecautee 216-447-1480 
OREGON 

PORIANG sevinincietidecait ni sevensincnces anne. 503-274-6250 
PENNSYLVANIA 

FIORSH AIM iscrssncevererdacess weceetentmeanes erencavsacoteekes 215-784-0805 
TEXAS 

USUI arcjiiceoreccevesnaucovansaneaavapteteunteecasssaauexeens 512-343-8976 
DAN AS sasisteodtecctaswigastane tins duchasania ean aieandes 214-987-9987 


© 1994 by Zilog, Inc. All rights reserved. No part of this document 
may be copied or reproduced in any form or by any means without 
the prior written consent of Zilog, Inc. The information in this 
documentis subject to change without notice. Devices sold by Zilog, 
Inc. are covered by warranty and patent indemnification provisions 
appearing in Zilog, Inc. Terms and Conditions of Sale only. Zilog, 
Inc. makes no warranty, express, statutory, implied or by descrip- 
tion, regarding the information set forth herein or regarding the 
freedom of the described devices from intellectual property infringe- 
ment. Zilog, Inc. makes no warranty of merchantability or fitness for 
any purpose. Zilog, Inc. shall not be responsible for any errors that 
may appear in this document. Zilog, Inc. makes no commitment to 
update or keep current the information contained in this document. 


INTERNATIONAL SALES OFFICES 


CANADA 

OVOMLOs Peeve tate oak iccctden elcome ecccuatads 905-850-2377 

CHINA 

SEM ZN CI wasete ds ceuisccwavecauedonts hinsancantelow Vexeaes 86-755-2236089 

SANG MAN sha hreclieestesssaptiveciortvaosatenns 86-21-4370050, x5204 
86-21-43831020 

GERMANY 

MGIC seccoreetecciadevawcenseene ts ecossicotersrateos essay oe 49-8967-2045 

SOMME ices Stearns accaaamenatii ates 49-3634-23906 

JAPAN 

TOKYO ist asacccter tah ied ced2en Geleattecindeichavsecaeesan erste: 81-3-3587-0528 

HONG KONG 

KOW OOM sar esadscdeulchacsatbaeotadnn ed aneaceeanractin 852-7238979 

KOREA 

SE OU D resccchicn vaesresveieinnseans aes tee aedet eae ees 82-2-577-3272 

SINGAPORE 

DING AD ONE scrnesiesie dlaeeen eesusetetneantecardetenmenioer: 65-2357155 

TAIWAN 

TFAIDEl suse guiwssessncantene eset gna eaataecceroaat: 886-2-741-3125 

UNITED KINGDOM 

Walid@nnG@ ad iz is cictscecceiagt bias raalldeesticealelacs 44-628-392-00 


Zilog's products are not authorized for use as critical components in 
life support devices or systems unless a specific written agreement 
pertaining to such intended use is executed between the customer 
and Zilog prior to use. Life support devices or systems are those 
which are intended for surgical implantation into the body, or which 
sustains life whose failure to perform, when properly used in accor- 
dance with instructions for use provided in the labeling, can be 
reasonably expected to result in significant injury to the user. 


Zilog, Inc. 210 East Hacienda Ave. 
Campbell, CA 95008-6600 
Telephone (408) 370-8000 

Telex 910-338-7621 

FAX 408 370-8056 


age Amt 


U.S., CANADIAN & PUERTO RICAN 
REPRESENTATIVES 


ARIZONA 


Scottsdale 
Thom Luke Sales, INC. .......cccssseseeeeeeeeees (602) 451-5400 


CALIFORNIA 


Santa Clara 

Phase Il Technical Sales ............cccseseeeees (408) 980-0414 
irvine 

HATINILY SAlES ccavaeveisiancineneniaiesavsuseeeceniws (714) 833-0300 


COLORADO 


Englewood 
Thorson Rocky Mountain ...........cceeeees (303) 773-6300 


CONNECTICUT 
Wallingford 
Advanced Technical Sales .................4. (508) 664-0888 


FLORIDA 


Altamonte Springs 

Semtronic Associates, INC. ........ eee (407) 831-8233 
Clearwater 

Semtronic Associates, INC. oo... eee (813) 461-4675 
Fort Lauderdale 

Semtronic Associates, INC. ....... essen (305) 731-2484 


ILLINOIS 


Hoffman Estates 
VIGIONY SAleS IAC, 2: 24esrcsscctrecachiestocceasiene: (708) 490-0300 


IOWA 


Cedar Rapids 
Advanced Technical Sales ................ (319) 393-8280 


KANSAS 


Olathe 
Advanced Technical Sales ................008 (913) 782-8702 


MARYLAND 


Pasadena 
Electronic Engineering & Sales............... (410) 255-9686 


MASSACHUSETTS 


North Reading 
Advanced Technical Sales ................6 (508) 664-0888 
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DISTRIBUTORS 


MICHIGAN 


Novi 
Rathsburg Associates, INC. ........cccceccceeees (810) 615-4000 


MINNESOTA 
Minneapolis 
Professional Sales for Industry................ (612) 944-8545 


MISSOURI 


Bridgeton 
Advanced Technical Sales ................0 (314) 291-5003 


NEW JERSEY 


Cherry Hill 
OTF IG Kc sevat dna ucilenseeiaoeernetesynees aon ese (609) 667-0200 


NEW MEXICO 


Albuquerque 
Quatra & ASSOCIALES oe cccesececeeseeees (505) 296-6781 


NEW YORK 
Fairport 
L-Mar Associates, INC. .....ccecceceeseeeeenes (716) 425-9100 


OHIO 


Centerville 

Q-Ma rk; ING: a ssissccsivcncdasissecduweascscaceccesassies (513) 438-1129 
Independence 

Rathsburg Associates, INC... ees (216) 447-8825 


OKLAHOMA 


Tulsa 
Nova Marketing, INC. .....esseeeeeeeserees (918) 660-5105 


OREGON 


Portland 
Phase II Technical Sales ............ eee (503) 643-6455 


TEXAS 
Austin 
Nova Marketing, INC. ......csesesssseseeeees (512) 348-2321 
Dallas 
Nova Marketing, INC. wo... esssseessreees (214) 265-4630 
Houston 
Nova Marketing, INC. 0... .eeccsssseeeeseeeees (713) 240-6082 


SALES REPRESENTATIVES AND DISTRIBUTORS 


U.S., CANADIAN & PUERTO RICAN 
REPRESENTATIVES 


UTAH 


Salt Lake City 
Thorson Rocky Mountain ..........ccccccceeeeees (801) 942-1683 


WASHINGTON 


Kirkland 
Phase II Technical Sales wo... eee (206) 823-3874 


WISCONSIN 


Brookfield 
Victory Sales, INC. ........ceeeeeeesseseesestseees (414) 789-5770 


CANADA 
British Columbia 
BBD EIe@ctronics, INC. ....... cc cetessseceeeeeees (604) 465-4907 
Ontario 
BBD Electronics, INC. oo... cecccseeeeeeeeees (905) 821-7800 
Ottawa 
BBD Electronics, INC. .......ccccssecceeeeees (613) 764-1752 
Quebec 
BBD ElECtronics: ING. ccsccseee iM ivicntcietets (514) 697-0801 


PUERTO RICO 


San Juan 
Semtronic Associates, INC. .............0 (809) 766-0700 


SOUTH AMERICAN REPRESENTATIVES 


ARGENTINA 


Buenos Aires 
Parallax Sales & Distribution 


BRAZIL 


Sao Paulo 
Parallax Sales & Distribution 


.. (1) 372-7140 


(11) 535-1755 


SALES REPRESENTATIVES AND DISTRIBUTORS 


U.S. AND CANADIAN DISTRIBUTORS 


NATIONWIDE 


Newark Electronics ..........ccccssscesccesecnsees 1-800- 


ALABAMA 
Hamilton Hallmark Electronics 


INSIde AlADAMA ..........cccecccssessceesesceeesevevenes 800- 

Outside Alabama ..........cecsccecsesccesesecseeensees 800- 

Huntsville 

Arrow EBIOCHIONICS .vscicasscciececescavacsevscvseceaes ‘SOR, 

Hamilton Hallmark Electronics ................ 205 
ARIZONA 

Hamilton Hallmark Electronics 

WVSIC Gs ANZ OME sarsick es ais he tarrtestaneoueosiaa la nests 800- 

Outside AriZONA .......ccccecccevceessceesevecceeeeeees 800- 
Phoenix 

Hamilton Hallmark Electronics ................ (602) 

Tempe 

Anthem Electronics ...........ccccccccsecssseeeeees (602) 

Arrow EI@CHrOniCs ......ceesssssceeeseceeeeeeeenes (602) 
CALIFORNIA 

Calabasas 

Arrow EIe@Ctronics .............cceeccsecsceeecesseenes (818) 

Chatsworth . 

Anthem Electronics ..........ccccccececceesseenesees (818) 

Costa Mesa 

Hamilton Hallmark Electronics ................ (714) 

Hayward 

Arrow EI@CtrOnics ..........cccccccceeceeeeseeeeeeeens (510) 

irvine 

Anthem Electronics ..........ccccccesssesceeeesenees 714 

Arrow EI@CHrOniCs .........ccecceccesscesceeesceuees 714 

Rocklin 

Anthem Electronics ...........cccescesccecssccscees S18) 

Hamilton Hallmark Electronics ................ 916 

San Diego 

Anthem Electronics ...........ccccsessccscceescenees 619 

Arrow EI@Ctronics ..........ccccsesecusccesccnsscseucs 619 

Hamilton Hallinan Electronics ............... 619 

San Jose 

Anthem Electronics ............cccceseeccesessseeees 408 

Arrow EI@CHrOniCs .......ccccessscssseeeseeesesesevecs 408 

Hamilton Hallmark Electronics ................ 408 

Woodland Hills 

Hamilton Hallmark Electronics ................ (818) 


Z-4 


367-3573 


572-7236 
633-2918 


837-6955 
837-8700 


352-8489 
528-8471 


437-1200 


966-6600 
431-0030 


880-9686 
700-1000 
641-4100 
487-8416 


768-4444 
587-0404 


624-9744 
624-9781 


453-9005 
565-4800 
277-6136 


453-1200 
441-9700 
435-3500 


5994-0404 


COLORADO 

Colorado Springs 

Hamilton Hallmark Electronics ................ (719) 637-0055 

Englewood 

Anthem Electronics .........cccccccsssesessssreees Be 790-4500 

AIFOW EIGCWONICS tetcccvercanbertiosagsventicerenet 303) 799-0258 

Hamilton Hallmark Electronics ................ 303) 790-1662 
CONNECTICUT 

Cheshire 

Hamilton Hallmark Electronics ................ (203) 271-2844 

Wallingford 

Arrow BIGCUIONICS scrcsiciettsvedeseutaueretactwerts (203) 265-7741 

Waterbury 

Anthem Electronics .........ceeesecceeseeeeeeeeees (203) 596-3200 
FLORIDA 

Deerfield Beach 

PATIOW EIGCUONICS strc suscancaesincesacesunchoasaee: (305) 429-8200 

Lake Mary 

Arrow EI@Ctronics ............ccceceesseeseeeseevenees (407) 333-9300 

Largo 

Hamilton Hallmark Electronics ............... B00) 541-7440 

800) 282-9350 

Fort Lauderdale 

Hamilton Hallmark Electronics ................ (305) 484-5482 

Winter Park 

Hamilton Hallmark Electronics ................ (407) 657-3300 
GEORGIA 

Duluth 

Arrow EI@Ctronics ............cecsceeeeseeeseeceeeeves 04 497-1300 

Hamilton Hallmark Electronics ................ 404) 623-5475 

404) 623-4400 

ILLINOIS 

Bensonville 

Hamilton Hallmark Electronics ............... (708) 860-7780 

Itasca 

ALLOW EISCIIONICS iii sieseicsccscscsvaveeneseteness (708) 250-0500 

Schaumburg 

Anthem Electronics ........cccccccccceseessssseees (708) 884-0200 


U.S. AND CANADIAN DISTRIBUTORS 


INDIANA 

Indianapolis 

Arrow EI@Ctronics ..........cccceesssesseesseeeeeeees 317) 299-2071 

Hamilton Hallmark Electronics ................ 317) 872-8875 

800) 829-0146 

IOWA 

Cedar Rapids 

Arrow EI@Ctronics ............ccccceeeeeseeesestsneees (319) 395-7230 
KANSAS 

Lenexa 

Arrow EI@Ctronics ........ccccceeccecceesesccesceeeens 913) 541-9542 

Hamilton Hallmark Electronics ................ 913) 888-4747 

800) 332-4375 

KENTUCKY 

Lexington 

Hamilton Hallmark Electronics ................ tO Boe once 
MARYLAND 

Columbia 

Anthem Electronics .......cc ccc ceccscseceseeeceenees 410) 995-6640 

Arrow EI@Ctronics ..........cccccceeececescseeeceeeecs 410) 596-7000 

Hamilton Hallmark Electronics ................ 410) 988-9800 
MASSACHUSETTS 

Peabody 

Hamilton Hallmark Electronics .............. (508) 532-9808 

Wilmington 

Anthem EIe@Ctronics ........cccccececesseccseeeseeees DOR} 657-5170 

Arrow EI@Ctronics ...........ccccccseeeceececaeeeeaees 508) 658-0900 
MICHIGAN 

Livonia 

Arrow EI@CtrOnicCs ..........ccccccsesseeesseseeeeeees (313) 462-2290 

Nori 

Hamilton Hallmark Electronics ................ (313) 347-4271 

Plymouth 

Hamilton Hallmark Electronics ................ 35 3} al San 
MINNESOTA 

Bloomington ; 

Hamilton Hallmark Electronics ................ (612) 881-2600 

Eden Prairie 

Anthem EI@ctronics ..............cccecssssssceeseees 612) 944-5454 

Arrow EI@CtrOniCs ...........csecceseseescessseesseees 612) 941-5280 


SALES REPRESENTATIVES AND 


DISTRIBUTORS 


MISSOURI 

Earth City 

Hamilton Hallmark Electronics ................ (314) 291-5350 

St. Louis 

AITOW BIGCUONICS scceincoc tenes vhaciedesednwentaons: (314) 567-6888 
NEVADA 

Sparks 

Arrow EI@Ctronics ...............:ssscccsssessseeeeees (702) 331-5000 
NEW JERSEY 

Cherry Hill 

Hamilton Hallmark Electronics ................ (609) 235-1900 

Marlton 

Arrow EI@Ctronics ...........ccccecceeceseseeeeeeeeaes (609) 596-8000 

Pinebrook 

Anthem Electronics ..........ccccccccesesseeserenes 1) 227-7960 

PITOW EIOCH OMICS Aicteitrnceorestientcresaasses 201) 227-7880 

Parsippany 

Hamilton Hallmark Electronics ................ (201) 575-4415 
NEW YORK 

Commack 

Anthem Electronics ...........ccsccccsseccceeeeeeees (516) 864-6600 

Hauppauge 

Arrow EI@CHrOnics ............ccccccceeeeeseeeeeeseees E16) 231-2500 

Hamilton Hallmark Electronics ................ 516) 737-0600 

Melville 

AITOW EIOCIFONIGS wisicpsiaitaacersssasecoeeadeevenss (516) 391-1300 

Rochester 

Arrow Electronics ...........06 socenacanecisied te 427-0300 

Hamilton Hallmark Electronics ................ 716) 475-9130 

Ronkonkoma 

Hamilton Hallmark Electronics ................ (516) 737-0600 
NORTH CAROLINA 

Raleigh 

Atrow GIOCWONICS <.cdiicieci sais 919) 876-3132 

Hamilton Hallmark Electronics ................ 919) 872-0712 


U.S. AND CANADIAN DISTRIBUTORS 


OHIO 

Centerville 

ATTOW: EIGCIIONICS vissadeceemcacstvineteeveneadeuseaes (513) 435-5563 

Dayton 

Hamilton Hallmark Electronics ............... (513) 439-6735 

(800) 423-4688 

Solon 

Arrow EI@CtrOniCs ......cccccesssssssececseeeeeeeeeees 216) 248-3990 

Hamilton Hallmark Electronics ................ eats 498-1100 

Worthington 

Hamilton Hallmark Electronics ............... (614) 888-3313 
OKLAHOMA 

Tulsa 

ATIOW EISCIOMICS cicciiiisicccsadaswonenansaanavs sees 918) 252-7537 

Hamilton Hallmark Electronics ............... er 254-6110 
OREGON 

Beaverton 

ALMAC/Arrow EIe@Ctronics .........ccccecees 03 629-8090 

Anthem Electronics ..........cccessesenssestereees 503) 643-1114 

Hamilton Hallmark Electronics ................ 503) 526-6200 
PENNSYLVANIA 

Horsham 

Anthem Electronics ..........ccccsssscesscceeeeeees (215) 443-5150 

Pittsburgh 

Arrow EI@Ctronics ...........cccseceeesetsseeeeeserees (412) 963-6807 
TEXAS 

Austin 

Arrow EI@CHrOniCs .........:cssscssssceecseeeeseeenees 512) 835-4180 

Hamilton Hallmark Electronics ................ 2 5} 258-8848 

Carrollton 

Arrow EI@Ctronics ..........cceeeessseeesssseeetenees (214) 380-6464 

Dallas 

Hamilton Hallmark Electronics ................ (214) 553-4300 

Houston 

Arrow EI@CHronics ..........cssssssssceceseceseeeeees 7183) 530-4700 

Hamilton Hallmark Electronics .............4. iF i3) 781-6100 

Richardson 

Anthem EIectronics ............:cccccseessssseenees (214) 238-7100 

San Antonio 

Hamilton Hallmark Electronics ................ (210) 828-2246 
UTAH 

Salt Lake City 

Anthem Electronics ..............cceessseceeeeseens 801) 973-8555 

Arrow EI@CHrONiCS .......c cc eecsssssseccereceeeeese es 801) 973-6913 

Hamilton Hallmark Electronics ................ 201 266-2022 


SALES REPRESENTATIVES AND DISTRIBUTORS 


WASHINGTON 
Bellevue 
ALMAC/Arrow Electronics ...........ccccccceeee (206) 643-9992 
Bothell 
Anthem EI@ctronics ..........cccccscesssessteeeees (206) 483-1700 
Redmond 
Hamilton Hallmark Electronics ................ (206) 881-6697 
Spokane 
ALMAC/Arrow EI@Ctronics .............c00eeceees (509) 924-9500 


WISCONSIN 


Brookfield 
Arrow EI@CtrOnics .........cesssscsssssssestseeeeeeees (414) 792-0150 
New Berlin 
Hamilton Hallmark Electronics ................ (414) 797-7844 


CANADA 


Alberta 


Future Electronics ........ccccceecccsseceeeseeeeees 403) 250-5550 
Future El@Ctronics ........cccccecsseccscesesecerees 403) 488-2858 


British Columbia 


Arrow EI@CHtronics ..........ccccccceeesceescseeeeeuses 604) 421-2333 
Future Electronics ........ccccccececceeseeeeeeeeeees 604) 294-1166 
Hamilton Hallmark Electronics ................ 604) 420-4101 
Manitoba 

Future Electronics .......ccccccccseeeeseesereees (204) 786-771 1 
Ontario 


613) 226-6903 
905) 670-7769 


Arrow EI@Ctronics ...........cccccsecccceceescaeseeees 
Arrow Electronics ............cssccsescoscceesceseass 
Future Electronics .......c..cccccescsssecessceeeeeess 905) 612-9200 
Future Electronics .......c.ccccccsscccseceeeceesenees 613) 820-8313 
Hamilton Hallmark Electronics ................ 416) 564-6060 
Hamilton Hallmark Electronics ................ 613) 226-1700 


Quebec 

Arrow El@Ctronics ...........cseeeccssscceeeccneeenaes 514) 421-7411 
Future El@Ctronics .........cccccecccsessesccnsseeeens 514) 694-7710 
Hamilton Hallmark Electronics ................ 514) 335-1000 


CENTRAL AND SOUTH AMERICA 


MEXICO 
Semiconductores 
ProfeSiON@leS ............cceceesccceseceeccuseceseccuecens 525-524-6123 
Proyeccion Electronica ..............cccccceeeeeeees 525-264-7482 
ARGENTINA 
Buenos Aires 
Me Se coscneieriecarnesianeecaeaenasharns 01 1-541-440-1532 
ASIA-PACIFIC 
AUSTRALIA 
R&D EECtronics .........cccccessescecceescesseeuseees 61-3-558-0444 
GEC Electronics Division ....................0... 61-2-638-1888 
CHINA 
Beijing 
Lestina International Ltd... eee ee 86-1-849-8888 
Rm. 20469 
China Electronics Appliance Corp. ...... 86-755-335-4214 
TLG Electronics, Ltd. .......c ees cccessceceeeees 85-2-388-7613 
Guang Zhou 
Lestina International Ltd... ee. 86-20-885-0613 
86-20-886-1615 
HONG KONG 
Lestina International Ltd. uo... eee eens 852-735-1736 
Electrocon Products Ltd. wc. ee eecseeeeeees 852-481-6022 
INDIA 
Bangalore 
Zenith Technologies Pvt. Ltd. ................ 91-812-586782 
Bombay 
Zenith Technologies Pvt. Ltd. ................ 91-22-4947457 
INDONESIA 
Jakarta 
Cinergi ASIAMAU ..........ceessesssssessssseseeeeees 62-21-7982762 


SALES REPRESENTATIVES AND DISTRIBUTORS 


BRAZIL 


Sao Paulo 
NISHIGONT <ixcisccsethetecieenocacea 011-55-11-535-1755 


JAPAN 
Tokyo 
TOKSEl CO LIC. ciscteecerneaomrinuectniaecedss 81-3-5467-9000 
INternix INCOPPOFAate” .........ececseeeeseeeeees 81-3-3369-1101 
Kanematsu Elec. Components Corp. ..... 81-3-3779-7811 


Osaka 


Teksel: Go: Ltd: fcesssendie es stneedice: 81-6368-9000 
KOREA 

ENG=KOl6ed case secstenraiandcsedasidceseaiadec bets ete 822-523-2220 
MALAYSIA 

Eltee Electronics Ltd. ...c..ccccceccssecessecseeeenes 60-3-7038498 
NEW ZEALAND 

GEC Electronics Division .............ccceeeeeeees 64-25-97 1057 
PHILIPPINES 

Alexan Commercial ............cccceceseeccseesccesceens 63-2-402223 
SINGAPORE 

Eltee Electronics Ltd. oo... cccccccesceeensceeceeenees 65-2830888 
TAIWAN (ROC) 

Acer Sertek, INC. wc... ceecsecsceesseeecseneeces 886-2-501-0055 

Orchard Electronics Co. ....cccccesccsesceseeees 886-2-504-7083 

Promate Electronics Co. Ltd. .............0.. 886-2-659-0303 
THAILAND 

Eltee Electronics Ltd. oo... ccecceecsseseseeeeees 66-2-538-4600 


SALES REPRESENTATIVES AND DISTRIBUTORS 


EUROPE 


AUSTRIA 


Vienna 


EBV Elektronik GMBH ............ccecceeeeeeeees 0043-1-8941774 
Avnet/Electronic 2000 .........cceceesceseseeees 0043-1-9112847 


BELGIUM 
Antwerp 
D & D Electronics PVBA...........cc cc ceeeeeeseeee 32-3-8277934 
zaventem 
EBY EISKIOMIK scxsceraestverectestnceiinc eatesaeeteckocass 322-7160010 


DENMARK 
Brondby 
Ditz Schweitzer AS ...........::::ssssesseseeseceeseeeees 4542-453044 
Lynge 
FAD DElCO- ws, coveazttatiatenspetateenceetc ines 45-35-821200 


ENGLAND 


Berkshire 

Future El@Ctronics ........ccccccceccseccessescueeees 44-753-687000 
Gothic Crellon .........cccccecsesceesceseesseseeeeeenes 44-734-787848 
Macro Marketing ...........cccccssssssceeseeeeeeeens 44-628-604383 


Lancashire 
Complementary Technologies Ltd. ......... 44-942-274731 


FINLAND 


Espoo 
OY SW Instruments AB .............eceecceeeeeeees 358-0-522-122 


FRANCE 
Cedex 
PZ iscacicicvastaaeictan cabeueaind onde bievtuutasseaunlonensde 331-46232425 
Champs sur Marne 
EBV BIG KU OK vccsicrccciecstcacccdsnentersassaesuronasy: 331-64688600 
Massy 
RODTONIC. SAid scieieraaveiepaetinesteicaninnss 331-60139300 


GERMANY 
Berlin 
EBV Elektronik GMBH ..............ccccseseessesesenes 030-3421041 
Avnnet/Electronic 2000 ........ccccccecccsseseeeeenenees 030-2110761 
Burgwedel 
EBV Elektronik GMBH ............ccccccessssesesereees 05139-80870 
Dortmund 
Future GMBH ..........ceccccsccssceesccceuseeesssaeesvesss 02305-42051 
Duesseldorf 
Avnet/Electronic 2000 .........eeceesessreeeneees 0211-92003-0 
TRESYSIAE wasinccicsite tees iench Ga nkesettiaeuares 0211-53602-0 
Erfurt 
TSS YS soa ensesisiccctoaativaai aseiaatienscustaeeseenio’ 0361-4278100 
Frankfurt 
EBV Elektronik GMBH ............cccccccssesessseeeeeees 069-785037 
Avnet/Electronic 2000 ..........ccccccesssceesseeeeeeeees 069-973840 
Future GMBH ............eessssesccessseeeeeeeseeeeeees 06126-54020 
TRCSYS/AE vaca icic asses setuececesdiaentectemedt centers 06434-5041 
Hamburg 
Avnet/Electronic 2000 ..........cccceesseceseveeees 040-64557021 
Leonberg 
EBV Elektronik GMBH .............0ccccceeeeeeeeees 07152-30090 
Muenchen 
Avnnet/Electronic 2000 ..........ccecccsccesseeseeeeeees 089-4511004 
EBV Elektronik GMBH .............cccceccccseeeseeeenes 089-456100 
PULUTE GMBET sisssiiedcccities aca ioncicesanentieets 089-957 1950 
Nuernberg 
Avnet/Electronic 2000 ...........ccccessceeseneeceees 09171-9951610 
Neuss 
EBV Elektronik GMBH ......... cc eeccccceeeeeseees 02131-96770 
Stuttgart 
Avnnet/Electronic 2000 ........ccecscccssseseeseeeees 07156-356190 
Future GMBH uu... ccccccscsscssssssccceeeneenssvecees 0711-830830 
TNESVS/AE acecricisrnrenacatinuatis 0711-9889100 
Weissbach 
EBV Elektronik GMBH ................cceecceneeesseeeees 036-426486 


SALES REPRESENTATIVES AND DISTRIBUTORS 


ISRAEL 

PRI T: ccpevte cusses ceasnsoeanas naesumanesaieatinee ted teepeas 972-36450707 
ITALY 

Milano 

De MICOS. P Ax hie ees 0039-295-343600 

EBV Elektronik .........cccececccseecceseeeeecceees 0039-2-66017111 

Firenze 

EBV 'ElOKIONIK sai titdaisbecedstecsvesseeus naceahice 0039-55-350792 

Roma 

EBV Elektronik ..........ccccccceecesceesesccseeeeeees 0039-6-2253367 

Modena 

EBV ElSKtronik asi fenvecccctidescoevcaevevianeeass 0039-59-344752 

Napoli 

EBV Elektronik ..........ccceseseseecceeeeessseeeens 0039-81-2395540 

Torino 

EBV Elektronik ...........cccccssssesccessssssesees 0039-11-2161531 

Vicenza 

EBV Elektronik 00.0... ccc ecccseessecceeeescseeeeee 0039-444-572366 
NETHERLANDS 

EBV -BIEKTEONIK ectedtisicatinsvddewsssdccseeatsieciseons 313-46562353 
NORWAY 

Bex al: NOMS xicetesd ireac ets tecseziwuensictontaaeeees 47-63833800 
POLAND 

Warsaw 

GAG Lt: fr wscscsece heen cay taaoacateeagent aiden 004822-330853 
PORTUGAL 

Amadora 

AMitron-Arrow. .....ccccccsecccsssecesesesceseeeencs 0035-1-4714806 
RUSSIA 

Woronesh 

Thesys/InterteChind..........ccccscecssssssssseeeees 0732593697 

Vyborg 

Gamma: L1G) i ccsacsisusiedavessnvictisnvisesegeueeavoases 081278-31509 

St. Petersburg 

Gaia: LUGS. cioescidevinasadiceaidadwes a bivsocpeiteakes 0812-5131402 


SPAIN 
Barcelona 
Amitron-Arrow S.A. ......ccccccsecseecccceseseeeees 0034-3-4907494 


Madrid 
Amitron-Arrow S.A. ......ccccsscsssccesecenssceees 0034-1-3043040 


SWEDEN 
Bexab Sweden AB .........ccccccsscccsscseceeceneees 46-8-630-8800 


SWITZERLAND 


Dietikon 
EBV Elektronik GMBH ............scccceseeseeees 0041-1-7401090 


Lausanne 
EBV Elektronik AG ..........cccccccccescceeeeeees 0041-21-3112804 


Regensdorf 
ROCIS AG Pesoacsteccsedvcnatctaoaperctncuacsunt 00471-1-84331 11 


UKRAINE 
Kiev 
TheSYS/MIKFOPFiDOF .........ccccccescessssesessstteeeeees 04434-9533 


Zilog, Inc. 

210 East Hacienda Ave. 
Campbell, CA 95008-6600 
408-370-8000 


